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IKTRODUCTOBY  CHAPTER. 


Uan,  ill  every  period  of  hU  eziEtence,  and  in  ereiy 
of  Rociety,  receives  his  sensauons  from  mternal  phenomena. 
Inanimate  as  well  as  Hnimsted  objects  are  cotisuntif  )iiv- 
tenting  appearances  which  have  a  mysterious  infiuenM  on 
the  KDtierit  powerti  of  man.  Ilie  majority  of  mankinil 
receive  the  impreBsions  produced  lij-  theae  phenomeiiB, 
intbonl  inquiriag  into  the  agency  by  which  they  are  regu- 
lated j  it  is  the  business  of  the  natural  philosopher  to  atcer- 
tain  the  nature  and  influence  of  their  causes. 

Ultimate  causes  are  beyond  our  powers  of  analysis;  we 
mar  approximate  to  a  knowledge  of  them,  but  wc  cannot 
afcenain  their  nature,  or  the  actual  eslent  of  their  influence. 
Nearly  all  the  appearances  in  na.ture  may  he  re.-olved  into  the 
production  of  motion ;  and  we  are  capable  of  aftcertaining 


I 


its  laws,  but  cannot  discover  its  origin.  We  may,  indeed, 
resolve  all  cauBea  into  the  will  of  a  self-exislent,  eternal. 
Being ;  but  there  m  a  link  between  the  will  of  this  Being 
and  the  laws  of  Nature,  which  our  reaearchea  fail  to  supply. 
If  we  examine,  on  the  other  hand,  the  influence  of  these 


appearances  on  ourselvi 
The  sun  ahiues,  and  it 
called  light  and  heat.     . 
traced  from  one  effect 
thai  i 


1  led  to  the  same  result. 

a  us  sensations  which  are 

he  action  of  a  solar  ray  may  be 

ither,  until  we  have  ascertained 

all  flhre  of  the  eye,  called  the 

<n  effect  is  carried  to  the  brain, 

;  but  we  can  neither  determine 

I  conduct  an  impression  to  the  brain,  or 

act  upon  those  parts  of  the  human  frame 


t  impinges  upon  i 
optic  nerve.    By  this  nc 
and  a  sensation  is  prodi 
how  the  nerve 
how  the  brain 
which  are  the  ^ 

There  are,  then,  boundaries  to  ou 
from  any  want  of  continuity  between 
from  the  imperfect  nature  of  our  reason.  I'o  trace,  conse- 
cutively, natural  causes  to  the  ultimate  Being,  requires  an 
order  of  mind  higher  than  that  possessed  by  man.  We  must 
satisfy  ourselves  with  a  knowledge  of  the  laws  which  govern 
appearajices,  and  this  is  one  of  the  ultimate  obje 
by  natural  philosophy. 

The  word  Iok,  as  apphed  to  natural  objects, 
used  in  a  sense  somewhat  different  from 
ation.     In  reference  to  inanimate  nature,  it  m 
stood  as  a  fixed  immutable  process  of  action 
which  any  appearance  is  produced. 

Now,  how  are  these  laws  to  be  determined! 


r  mqiury,  not  aiising 
cause  and  effect,  but 


la  proposed 


evidently 

accept- 

Bt  be  under- 

the  rule  by 


wfednng  ^w  timM^ 
vUch  a  body  praaeiiti  eertuA 
llMcnmof  dioM  plMOOniaia;  aadbjr  akaoaMfeofthe 
w»  may  deduce  die  kv  or  kvs  bjr  vlndi  tint  body 
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cUmo  die  Isire  by  vbidi  tbey  an  foteraed. 

ThDa  we  obomw  lii^itiimg  ae  an  ■liiioo|ihwfe  ^jwaraacc ; 
but  BO  obeMfulkiMi  vpon  lt»  or  vpon  die  attwidMit  pbe- 
BflOMBaa  can  fpm  m  any  rfrtahi  iniiaiBilion  of  its  iialiuYy 
smdkloai  of  die  laira  of  dait  opedei  ti  mttttr  by  aiiieb 
it  ie  produced*  We  oee  dait  it  lewniblee  Ae  pamge  of 
a  laminoiis  fluid  from  one  dond  to  anotber,  or  to  the 
«iidi|  diat  die  douds  are  umuaaDy  low;  and  that  it  not 
mifreqiieiidy  prodoeee  devastating  eflecta  when  it  reaches 
die  eaidi.  But  theae  are  fiicta  that  can  nerer  lead  us  to 
a  knowledge  of  its  eanse.  We  discover,  howerer,  or  fancy 
we  diseoTer,  a  great  analogy  between  the  appearance  of 
lightning,  and  the  dischaige  of  accamnlated  electridty, — 
and  it  is  possible  there  may  be  an  identity  of  origin.  To 
piove  idiether  diis  be,  or  be  not  the  case,  we  will  endeavour 
to  bring  the  dectridty  of  the  atmosphere — if  it  be  electri- 
dty  diat  produces  lightning — under  our  control,  and  submit 
it  to  experiment.  We  consequently  raise  into  the  air  a 
body  which  will  conduct  the  fluid  to  any  spot  that  we 
please^  ao  that  it  may  exert  an  influence  upon  those  instru- 

b2 


mentB  by  which  the  presence  of  electricity  is  tested.    The 
results  answer  our  expectationa,  and  it  is  discovered  tl 
electricity  is  the  cause  of  the  phenomenon.     But  from  that 

iwledge  of  the  electric  fluid  obtained  by  other  esperi- 
ments,  we  are  certain  that  luminous  eSects  are  never  | 
duced  hy  electricity,  ilnlese  it  is  in  motion,  and  then  only 
when  it  is  pasang  from  one  medium  to  another.  We  have 
also  ascertained  that  electricity  is  never  put  in  motion  ex 
when  the  electric  equilibrium  is  destroyed;  that  is,  when 
one  part  of  a  body  is  in  a  state  different  from  some  other 
part,  or  when  one  body  is  in  a  condition  opposite  to  that  of 
some  contiguous  body.  If  either  of  these  effects  be  pro- 
duced, electricity  will  be  put  in  motion,  and  transmitted 
by  any  substance  that  is  capable  of  conducting  it. 

Having  discovered  that  electricity  ispresentwhen  lightning 
is  seen,  we  are  led  to  deduce  that  lightning  is  occasioned 
by  the  spontaneous  discharge  of  the  electricity  of  the  cloada. 

To  the  man  who  has  not  thus  learned  to  intem^te  t 
ture,  the  universe  is  a  riddle,  and  the  confusion  of  his  ideas 
is  promoted  by  the  deceptions  to  which  he  is  subject  from 
the  erroneous  impression  of  bis  senses.  Not  only  is  h 
nnable  to  estimate  the  causes  by  which  phenomena  are  pre 
duced,  but  he  is  labouring  under  the  disadvantage  of  a 
erroneous  perception  of  the  appearances  around  him.  1 
seems  hard  to  doubt  the  testimony  of  our  senses,  yet  ihey 
are  constantly  deceiving  us.  We  do  not  mean  that  our  senses 
are  habitually  deceived,  but  they  are  often  incapacitated,  from 
the  circumstances  under  which  they  act,  to  give  accurate 
information,    in  attempting  to  discover  the  causes  of  phe- 


we  daeeawn  tbe  cmn  mdcr  wfaidi  we  poonve 
aneiia  tfiemidTC^  aad  are  thus  able  to  cnmtt  di« 
B  iuipifiiom  wiudi  afccondnclra  lo  nor  Bwitdt  bj 

B. 

▼e  already  ihown  bow  we  naj  amcitaui  tiie  cbdms 
snena,  and  it  la  now  oar  bminfai  to  expfam  how 
ea  deceive  aa  in  confejng^  hOut  ji.yimntatioiia  oC 


^gpan  may  be  qoita  capane  of  confejng^ ' 
eanon  it  reeofcay  but  tiicre  may  be  cfrofa  coBBtctoil 
bernal  eanaee,  and  there  it  cannot  detect.  Thoe 
o^  be  c'fi'tam  cowdiUoB%  under  wlndi  it  wtj,  non 

oonatnictiaii,  be  maUe  to  convey  an  inipwaiion, 
nay  be  anaceptibie  of  dt'iangiiiMiiia  wiridi  csertan 
B  Ofer  tbe  chaiacter  of  the  acuatioao  it  it  inatro^ 
in  producing.  Now,  all  these  cansea  of  error  do 
dsty  and  deaerre  to  be  examined  more  at  large. 
organs  of  sense,  excepting  the  eye,  are  limited  in 
aveyance  of  external  phenomena.  To  the  influence 
aiances  on  the  eye,  there  is  no  natnral  boondary. 
,  from  winch  imagination  has  scarcely  dared  to  anti- 
1  idea,  have  made  their  impressions  upon  it ;  no  body 
istant  or  too  near,  too  large  or  too  small,  to  a£fect  it. 
le  aids  which  have  been  offered  by  science  and  ait, 
nrestigated  almost  the  ultimate  miuuteness  of  bodice, 

largest  masses  are  not  too  extensve  to  affect  this 
organ.  The  eye  being  the  principal  medium  through 
re  receive  our  impression  of  external  objects,  it  is  not 
ng  that  it  is  most  susceptible  of  deception,  and  this 
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fsct  will  explain  why  the  majority  of  our  iiluBtrslions  are 
from  the  vienal  sensations. 

re  are  few  phenomena  which  are  not  presented  to  us 
under  circumstances  requiring  correction.  An  appearance 
is  not  generally  produced  by  any  one  agent,  but  is  modified 
by  a  aeries  of  causes,  so  that  it  is  sometimes  difficult  to  de- 
teraiine  which  has  most  influence  iu  its  production.  As  the 
senses  are  inadequate  lo  the  detection  of  causes,  ao  they  can- 
not correct  the  errors  which  influence  natural  phenomena. 
Of  the  truth  of  tliis  slatement  we  might  adduce  innumerable 
examplea  ;  we  will  mention  a  few. 

The  earth  appears,  to  all  who  inhabit  it,  a  stationary  body 
in  the  centre  of  the  universe.     Around  il  the  celestial  sphere 
ia  apparently  moiing  once  in  twenty-four  hours,  carrying 
with  it  alt  the  heavenly  bodies,  which  seem  to  be  perma- 
nently fixed  in  the  deep  concavity.    An  observation  continued 
for  a  few  minutes  on  the  relative  positions  of  the  planets 
proves  that  they  are  not  permanently  fixed.     These  bodies      i 
have  a  revolution  independent  of  the  diurnal  rotation,  and      I 
that  motion  is  found,  by  further  ohserrations,  to  be  confined 
within  a  certain  aone,  called  the  echptic.     Assoonas  webave      I 
aasuredouraelveaof  this,  we  begin  to  have  some  doubt  of  the      I 
truth  of  our  first  impression,  that  the  celestial  sphere  has  a      ' 
diurnal  revolution  round  the  earth.   The  more  extensive  our 
observations,  the  more  permanent  are  our  doubts.     We  dig.      | 
cover  that  all  the  elara  are  not  situated  at  the  same  distance     ' 
from  the  earth,  and  they  do  not  always  appear  to  haTe  the 
same  motion.     Now  it  is  evident  we  can  only  conceive  of 
the  celestial  sphere  as  in  a  slate  of  revolution,  by  suppowng 
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rth  i  and  as  air  possesses  the  property  of  compregsibUitf,   | 
3  lower  portiuns  of  the  atmosphere  must  be  more  dense  I 
p'thon  the  superincumbeDt.     Light  has,  in  its  pasdage  to 
|< earth,   to   pass   through  a  succeeaion  of  aerial  strata,  and 
!   bent  into   a  cur\-e,    which    causes  all  bodies  to  appear    i 
higher  than  they  really  are.     For  this  reason,  the  sun  and 
the  heavenly  bodies  appear  to  have  risen,  when  they  are 
actually  beloiv  the  horizon, — and  to  be  above  the  horizon, 
when  they  have  really  set. 

But  refraction  nlsu  distorts  objects  that  are  seen  under  its 
influenee.     The  sun  appears  to  be  round  in  the  zenith  and 
□  the  horizon,  the  horizontal  diameter  being  greater 
'  dian  the  vertical,  and  the  loner  Umb  more  flattened  than 
E  upper.     Thia  distortion  of  form  arises  from  the  rapid 
:rease  of  refraction  as  the  body  approaches  the  horizon. 
The  same  effects,  though  not  so  large  in  amount,  are  pro- 
duced in  the  passage  of  light  from  terrestrial  objects,  so 
r  tl»t  we  are  viewing  all  things  subject  to  an  error  of  position 
I  uid  form,  by  which  the  vision  is  imposed  upon,  having  no 
power  in  itself  to  correct  the  errors. 

The  phenomenon  of  mirage  is  intimately  connected  witb 
that  of  refraction.  It  is  a  spectral  represeniation,  in  the 
atmosphere,  of  a  terrestrial  body ;  and,  although  seldom 
seen,  has  been  a  source  of  superstition  in  every  age  of  the 
world.  It  is  well  known  that  in  the  akteenth  and  seven- 
teenth centuries,  these  phenamena  were  registered  by  the 
prophets  of  ill,  as  forewarninga  of  some  direful  judgments 
that  were  soon  lo  affect  a  nation,  or  the  human  race  in 
general.      It  is  impossible  to  read  the  records  of  the  past 


t&ir    wnjuimflMb.  or  ivpn»iMtJiif!   tin    cicrrcii. 
lAUk  Abb  ■n^iBiBfi  ^nm  'tbr  credulzti'  ai  mm..    By  mci. 

angmsiEn'mBK  of  tiic  ^*"m*'  mnici  ii» 
amfl  iftK-muiiflKiiiif-  iwid  of  tbouphi  hat  beer 
aiininikim  jmumii^  and  jd  tbih  couduiori  of 

of  tttt-  middk  a^res. 
in  "vidiiai  wt  aert  dttceived  »  m  tlM  cim- 
loffm,  JtmaE,  snd  is  the  colour  of  Uidmb.  Chn 
;'WDiQd  dBtennmr  lif^i  u*  U-  a  homafpeimreif 
tniloiir  flf  bodies  an  mbcKiii  Tvojicm . 
'Amt  2if^  m  jamm^  thnn]{«b  plam, 
aiilwilBnrwB,  k  beni  out  of  a  8txBi|riii 
voada,  is  re&acted.  Bnu  if  a  tbt  of 
igfhft  be  aiadttBd  ittoa  dazk  Toam,  and  be  made  to  fall  on 
ike  fliBB  wmhtut  «f  m  jnece  of  0am  m  <die  form  of  a  }irimn. 
it  if  D0t  tmij  bent  upwards,  but  if>  alno  divided  imi>  ro^iv 
bnisp  aeron  diatmct  coIoutb.  Under  any  otber  cimditumf^ 
a  apot  cf  wkatt  ligbl  is  formed.  Bt  this-  ex]ienineiit,  there- 
ioR;  *«£  diacoi^er  that  Boilar  hgtx  is  camposed  of  rB}'s  hsTiTur 
aeren  diBtinct  ccjIoutEj  and  ^lat  we  hare  been  demred  m 
oonaidenniz'  it  a  bomogeneous  aubstance.  having  but  imt 
oalonr. 

When  tbiis  diacoverv  has  been  made«  we  verv  naturallv 
jaquire  irbetiher  these  rays  have  precdsdy  the  same  proper- 
tiea,  and  produce  the  aame  effects.  From  what  we  know  of 
mAar  ligbt,  we  imagine  it  to  be  always  attended  by  a  consi- 
derafaik  development  of  heat.  Hiis  heat  may  be  equally 
divided  among  the  rays  of  the  Bpectrum,  or  it  may  be  cen- 
tered in  some  one  pardcular  ray.     For  aught  that  we  know 


they  may  all  have  different  propertjcs ;  and  it  is  equally 
possible  that  the  removal  of  one  of  the  rays  raight  ao  destroy 
the  Bolar  heat,  as  to  cause  light  to  produce  the  most  bitter 
cold.  No  real  information,  however,  as  to  causes,  can 
acquired  by  speculation  ;  we  must  resort  la  experiment,  if 
we  would  know  the  canae  of  solar  heat.  Let  us  place  the 
ball  of  a  thermometer  auccessively  in  each  of  the  differently 
coloured  rays  of  the  spectrum.  By  this  simple  eiperiment 
we  discover  that  the  temperature  is  tnore  mised  ia  the  red 
ray  than  in  any  other,  and  in  the  violet  ray  least ;  between 
these  two  extremes  there  is  a  decreasing  elevation  from  the. 
red  to  the  violet.  Light  is,  therefore,  not  only  compound, 
bnt  its  component  rays  have  different  calorific  powers.  Nor 
does  this  at  all  depend  upon  the  illuminating  powers  of  the 
ray«, — for  the  yellow  is  the  most  brilliant  part  of  the  spec- 
trum, and  at  the  extremity  of  the  red  the  brilliancy  is  the 
least.  But  it  is  possible  that  solar  light  may  have  rays 
which  are  invisible  to  the  naked  eye.  We  know  that  heat  is 
frequently  developed  where  there  is  no  light,  and  uncom- 
bined  heat  may  attend  the  progress  of  the  solar  rays.  An 
experiment  will  prove  the  truth  of  the  supposition.  If  the 
bulb  of  the  thermometer  be  placed  a  little  beyond  the  red 
tay,  the  mercury  will  rise  to  a  greater  height  than  when  in 
the  ray  itself.  Beyond  this  point  the  thermometer  is  also 
afiacted,  though  the  influence  gradually  diminishes.  And 
hence  it  appears  that  the  greatest  calorific  effect  of  solar  light 
arises  from  an  invisible  ray. 

It  may  be  said,  these  are  not  fair  instances  of  deception. 
It  is  true,  that  nearly  all  natm'al  phenomena  deceive  us  in 
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k  it  •fidm  that  we  may  be 


We  are,  tben,  in  this 
firaiii  ita 

gilt  to  be  a  homoige- 
A  wUlB  eoloqr.  and  equaSfy  oon- 
aiiMiWiBl  of  cakmc. 
it  it  not  nigiilar  that  we  thoiild 
to  be  warn,  inhcrcat  pnipaly  of  bodiea.    fivt 
lUacnomnat  knre  beeo  icBoved  fiom  tbeaiiBd,bf  tba 
noMika  wludi  bave  been  alieadj  made ;  for  wbeneier  the 
priamatic  qiectmrn  is  thrown  on  a  body,  the  aereral  tintt  of 
the  ^ectmm  are  distinctly  shown,  without  in  the  tlightest 
degree  blending  with  what  may  be  called  itt  natural  cokmr. 
We  have  hitherto  confined  our  observations  to  the  de- 
ceptions aflfecting  the  eye  in  its  examinations  of  nature. 
Ahhoogh  our  other  senses  cannot  be  imposed  upon  %> 
extensively  as  this,  by  external  phenomena,  yet  they  are 
all  susceptible  of  erroneous  impressions.    The  sense   of 
taste  isy  in  a  great  d^rree,  influenced  by  the  condition  of  the 
sense  of  smell;  and  in  numerous  ways  the  sense  of  touch 
is  imposed  upon.    The  ear,  also,  is  capable  of  deception, 
and  is  frequently  deceived  by  atmospheric  or  local  causes 
over  which  we  have  no  control,  and  the  impression  of  which 
the  organ  of  hearing  cannot  correct. 


Sound  Is  a  BenBation  produced  by  the  commnnicHtioii  of 
ion  excited  in  ponderable  matter  by  the  agency 
of  a  conducting  body.  The  kind  of  sensation  resulting  from 
a  vibrating  body,  depends  upon  the  nature  of  the  medium 
by  which  the  effect  is  to  be  conducted  to  the  ear.  St 
of  the  gaaes  transmit  sound  moie  rapidly  than  others,  and 
the  intensity  of  the  tone  produced  from  the  same  body  wiH 
also  vary  according  to  the  nature  of  the  gas. 

It  has  often  been  observed,  that  sounds  are  much  n 
distinct  and  powerful  during  the  night  than  the  day,  which 
has  been  attributed  to  the  repose  of  the  animal  creation. 
Poets  have,  in  all  ages,  made  the  remarkable  BlillneBB  of 
hours  of  rest  a  subject  of  song,  and  have  given  expresaion  to 
the  solemn  feelings  of  superstition  to  which  the  calm  uni 
sally  gives  rise : — 

It  is  the  hour  when  from  tlic  boughs 

TLe  nighliBgalfl'B  high  nole  ie  heani, 
It  ii  the  hour  when  loyers'  vans 
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This  remarkable  stillness  of  the  night,  and  the  distinct- 
ness with  which  any  casual  sound  may  be  heard,  arises 
from  the  equality  of  the  atmospheric  temperature.  During 
the  day  the  air  is  very  unequally  heated,  and  there  are  con- 
slant  successions  of  light  strata  that  are  rising,  and  of  cold 
ones  that  are  descending.  This  inequality  of  temperature 
gives  rise  to  an  inequality  of  density,  which  prevents  the 
easy  transfer  of  the  vibrations  produced  by  the  sounding 


IS 


tp  d»  ouwl  by  the  wiMW     Itan 

faqpcatly  iacip»hit<fgifiiif 
QMsenmig  tlM  oalHilplMMK 
by  wlddi  we  are  flonmiiided,  but,  qo  tiit  oOmt  boML 
eyofteolMd  w  intociTOr;  yet  all  oar  ipiwitlnm  iml 
om  liieae  cor  oumatu  m  dedueed-— ratult  ftom  Om 
jeney  of  apponBoea  HMt  an  wMMmt  Qt.  Huw^  the 
Q^esaioiia  dms  reeoTcd,  aacometed  by  pbUoiophy,  tbe 
uperstitioas  feeliiiga  of  cor  nature  are  excited  and  encou- 
aged. 

We  are  not,  however,  on  this  account,  to  disparage  the 
estimony  of  our  senses,  though  it  is  necessary  we  should 
eceive  the  impressions  they  convey  with  care,  if  not  witli 
luspicion.  The  conditions  under  which  natural  causes  act, 
ind  the  manner  in  which  the  organs  are  excited,  should  be 
xmsidered,  and  thus  we  may  be  prevented  from  over-rating 
he  agency  of  the  senses.  In  the  phenomena  we  have  ex- 
imined,  the  senses  are  not  the  causes  of  the  deception,  but 
he  agents  by  which  the  deceptions  are  conveyed  to  the 
Blind.  To  correct  these  errors  is  one  of  the  objects  of 
oatraral  philo8q)hy,  and  its  capability  of  doing  so  is  no 
slight  advantage.    Thus,  in  the  phenomenon  of  refraction, 


are  deceived  because  unable  to  detect  the 
iner  in  which  the  appearance  ia  transmitted  to  the 
I  organ  of  sight.  By  experiment  we  discover,  that,  in  pasB- 
t  ing  through  a  fluid  medium,  the  rays  of  hgbt  are  refracted ; 
and  hence  we  infer  that  they  must  suffer  the  same  effect  in 
passing  through  the  atmosphere.  The  eye  might  have  been 
fixed  for  ever  on  the  heavenly  bodies,  without  discovering 
that  their  apparent  was  not  their  real  jilacej  and  we  should 
still  have  imagined  the  heavens  to  have  had  a  diurnal  revo- 
lution round  the  earth,  had  we  entirely  depended  on  the 
testimony  of  our  senses. 

It  must  not  be  supposed  that  we  insinuate,  in  these  re- 
marks, an  incapacity  in  the  organs  of  sense  for  the  purposes 
vhich  they  were  intended  to  perform.  Such  a  sentiment 
would  be  in  the  highest  degree  derogatory  of  the  exquisite 
skill  displayed  in  the  construction  of  our  animal  parts,  and 
their  adaptation  to  the  noblest  purposes  of  our  nature.  The 
organs  of  sense  are  quite  adequate  to  the  purposes  of  man, 
in  the  supply  of  all  his  physical  wants ;  rand  if  we  are  sus- 
ceptible of  deception  from  natural  appearances,  it  is  only  in 
those  cases  where  no  bodily  injury  can  accrue ;  and  it  might 
even  be  said,  that  the  very  existence  of  a  capability  of  de- 
ception is,  when  discovered  in  a  single  instance,  calculated 
to  excite  the  improveable  reason  by  which  man  is  distin- 
guished. In  the  formation  of  animals,  it  has  been  an 
object  with  the  Creator  to  construct  a  perfect  organization 
for  sensation,  suited  to  the  being  and  habits  of  the  animal. 
This  statement  ia  equally  true  of  man;  but  at  the  same 
time,  the  Creator  has  had   regard  to  his  intellectual  cha- 


ndor.  The  kamaii  eje  k  foniihed  with  no  oigunanrtion 
bjirfiidiit  can  cornet  the  phcnoiiiaioii  of  icfinctkn.  But 
tkio  enror  in  Tinoaio  not  in  any  dramutmce  detrimoitil 
to  the  phyaical  cooditioaof  man,  nor  would  he  hare  heen 
awpMnrtBd  with  the  &et»  had  he  not  heen  in  poaaewion 
of  TBaaon  That  leaaon  led  him  to  an  inveatigation  of  the 
eaithu  and  the  worida  aroond  him,  and  that  inreatiiiation 
led  him  to  the  dieooferj  of  the  fiKt  With  oimilar  wiadom 
and  benentoioe  of  deaign,  fiihea  are  endowed  withaome 
wgmiwtinin  hy  which  they  can  comet  the  error  of  relrac- 
tioD,  «a  evidently  appears  from  the  fuility  with  which  they 
citdli  inaecta  that  an  flying  jnat  abon  the  surface  of  the 


If  then  he  one  atatenent  more  distinctly  developed  in  na- 
ture than  anodier,  it  ia,  that  the  characteristic  sensationa  of 
sn  animal  are  arranged  to  suit  its  constitation  and  habits. 
This  may  be  prbyed  by  a  reference  to  one  or  two  different 
daaaea  of  animals. 

Take^  as  an  instance^  the  animals  belonging  to  the  genus 
Felis.  It  is  pretty  well  known  that  the  majority  of  these 
animals  hunt  their  prey  by  night,  and  that  they  have  an 
organization  of  the  eye  by  which  they  are  capable  of  seeing 
with  a  Ycry  small  amount  of  light.  This  has  been  attributed 
to  the  oval  form  of  their  eyes ;  but  erroneously,  for  some  of 
the  j^nitnala  who  sTc  able  to  see,  when  our  organ  of  vision 
is  unaffected,  have  a  circular  pupil,  while  others  have  a  ca- 
pability of  altering  the  form  of  the  eye  according  to  the 
intennty  of  the  light.  The  lion  has  circular  eyes,  but  it 
generally  hunts  its  prey  by  night.    The  Angora  cat  has  the 


power  of  changing  the  form  of  its  eye ;  when  it  is  expoted 
a  light  of  small  intensity,  it  in  nearly  circular,  and  be- 
comea  more  and  more  elliptical  as  tlie  liglit  increases,  and  is 
■Imoat  linebU  when  exposed  to  the  tu.'l  rays  of  the  sun. 
The  tiger,  also,  is  capable  of  changing  the  form  of  ita  eyes 
from  an  oral  to  a  circukr  shape,  and  that  altogether  inde- 
pendent of  the  intensity  of  hght,  being  chiefly  afiected  by 
mental  impressions.  It  does  not,  therefore,  appear  that  the 
divieion  of  the  genua  Felis  into  nocturnal  and  diurnal  ani' 
mals,  founded  on  the  elispe  of  their  eyes,  in  at  dl  consistent 
with  the  habits  of  the  species,  and  we  must  seek  some  other 
cause  for  the  explanation  of  their  peculiar  facility  in  se^l^ 
with  light  of  very  small  intensity.  For  this  purpose  they 
have  a  construction  of  the  eye  adapted  to  collect  all  the 
acattered  rays  of  light,  however  feeble  their  intensity  may 
be.  They  are  thus  able  to  accumulate  the  diffused  rayG| 
and  apply  them  to  the  object  of  sight,  when  our  organ  of 
vision  is  unaffected. 

We  find  another  illustration  to  our  remark,  in  the  con- 
struction of  the  eye  of  birds.  The  most  evident  and  remark- 
able circumstance  in  the  constitution  of  birds  is  their  facility 
of  motion.  Had  they  been  formed,  with  their  great  rapidity 
of  flight,  without  a  capabihty  of  seeing  with  distinctness  at 
both  small  and  great  distances,  the  construction  adapting 
them  for  rapid  motion  would  have  been  dangerous  as  well 
as  useless.  But  they  are  capable  of  this,  having  the  power 
of  discerning  objects  that  are  at  the  point  of  their  beak,  as 
well  as  at  a  great  distance.  No  species  of  birds  possess 
these   varied   powers   more   remarkably  than  some  of  the 
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Moplraiyliar  it  is  wdl  knowa  dMt  Yoltm  wmd  ci^esw31 
tend  &9d£tf  jxpaa  a  rwnm,  fiom  hdglttt  wbne,  to  the 
lnMii0]ftt»  Iboy  mfwr  t  fanliiiiBH  doud^ 

TIm  0yw  o£  Irboi  ire  nmyiMd  wni  two  pcciiIuuAm  of 
eoDilnedon.  Ib  ordar  tint  dicj  maj  tee  obfectt  that  are 
wr^  naar*  toaD  ajwa  are  Hnmhad  with  a  nroad  cnmlar 
ini,-whidli  oonfinei  Uia  adkn  of  the  nnndee,  and  thns 
■Irpffll—  tiie  axii.  That  dicj  miy  tee  objeeta  that  are 
ntj  Atanfc,  the  eye  k  wapplkd  with  an  additaonal  moacle, 
cAid  tiiB  niami|iioBii»  by  whidb  they  can  dfair  the  ciya- 
taBmm  kna  finther  fiom  ^  eoniea.  By  theae  two  con- 
tnnuom,  wfakh  are  entivdjinidcr  ihe  eontnd  of  the  win, 
ttif  on  adq^  the  eye  to  any  degree  of  neaneaa  or  dis- 


It  wooM  be  intereating  to  eompare  the  f ariKtica  of  motion 
aad  aigfat  poaaeaaed  by  diffinrent  birds ;  and  were  we  to  do 
ao,  we  ahoold  find  that  thoae  which  bare  the  greatest  velocity 
of  motioa  hare  also  the  greatest  acoteneaa  of  ngbt.  The 
acciyitres,  which  rise  to  the  greatest  ekvationSy  have  zho 
the  moat  perfect  vision.  Theae  birds,  in  their  lofty  flight, 
ojat  in  an  exceedingly  rarified  atmosphere,  and  conse* 
qaently  one  of  small  refractive  power ;  and  to  provide  for 
tloSy  the  eye  contains  a  larger  qoantity  of  aqaeoos  humour 
than  18  poaaeaaed  by  other  birds. 

In  both  these  instances,  the  eye,  as  an  organ  of  sensatkm, 
is  adapted  to  the  particular  habits  of  the  animal;  nor  is; 
thia  fiict  leas  remarfcaMy  developed  in  the  eyes  of  insects. 
GeneraHy  qieaking,  the  cornea  of  insects  are  made  up  of  au 
infinite  mnnber  of  small,  transparent,  homy  lenses,  which 


i 

^^M     ha' 


have  CO  external  motion.  There  are,  however,  Bome  es- 
ceptioDS  to  thU  rule.  Among  them  we  might  mention  Ae 
eye  of  the  monoculus  apus.  In  some  insecta  we  can  trace 
the  adaptation  of  the  particular  form  oF  the  eye  to  the  habita 
of  the  animal ;  in  others  we  cannot,  for  want  of  sufScient 
acquaintnnce  with  thejr  constitution  and  enemies.  One  of 
the  most  remarkable  instances  of  delicacy  of  construction 
in  lliis  orgati,  is  found  in  the  insect  n'e  have  just  mentioned. 
The  monoculus  apns  is  about  the  size  of  a  flea,  and  is  com- 
mon in  our  ditches,  and  other  standing  water.  It  derived 
its  name  from  the  supposition  that  it  had  only  one  eye ;  for, 
on  account  of  the  smallness  of  the  head,  both  the  eyes, 
which  are  situated  in  the  middle  of  the  forehead,  seem  to  be 
imited.  They  are  composed  of  a  number  of  smooth  bright 
hemispheres,  each  of  which  has  a  separate  motion,  pro- 
duced by  the  action  of  a  collection  of  delicate  muscles, — 
a  most  beautiful  arrangement,  and  contrived,  no  doubt,  for 
the  purpose  of  enabling  it  to  avoid  the  enemies  by  whidi  it 
is  surrounded. 

Although  the  human  eye  is  not  provided  with  so  com- 
plex an  apparatus  as  many  of  the  lower  classes  of  animals, 
yet  it  is  impossible  to  examine  it  without  admiring  the  skill 
with  which  it  has  been  formed,  and  acknowledging  its  adapt- 
ation to  all  the  purposes  contemplated  in  its  construction. 
It  is  true  man  has  numerous  wants,  which  cannot  be  snp- 
pUed  by  mere  examination  of  nature.  A  loo  entire  depend- 
ence upon  bis  senses  will  mislead  and  deceive  him,  and  in 
cases  of  perpetual  occurrence  they  require  assistance  from 
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Monofcfy  it 
9fftM  mudi 


BnQOtV  CK 

nd  loMT  mAIbm 


of  our  CBqmiy; 
tend  to  iht 


of  Mine 


due  tfaef  tmij 
suui 
tht  iiiMBiiii  of  tkmxktn 
aaiiBalfife«f  the  InaMm  ipccMS. 

coBBB  to  wUck  Ae  cfe, «  m  cniBpfe  of  tfac 
JKt;  int  «f  aD  Ucif  aDod^  to  two  or  dirce  drcaau 

wndd  hsfc  t«uduced  imyof  unt  ernxs,  and 

InBom  tImb,  liaid  nol  die  Cnattir  pnmded 

D^  wtodi  tbej  sic  cuijcclca. 

It  18  wdl  kwNni,  dntOe  image  of  an  object  it  ponitcd 

OBAeidBa,  aid  tint  m  an  interted  poailion.    But  soil 

we  HC^  €r  tkmk  that  we  see,  eicrj  dnng  in  an  cicct  attitude. 

Tins  ]»i  ben  denied  bj  aoine  anthon,  wrbo  imagine  diat  we 
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perceivB  edl  things  inverted,  and  that  the  bshbb  of  touch  cor- 
I  nets  the  error  of  sight.  In  proof  of  this,  it  is  stated,  that  if 
'  'R  Btick  with  H.  gilded  knob  be  presented  to  an  infant,  it 
stretch  its  hand  towards  the  oppoHite  end.  But  this  is 
true ;  and  that  objects  are  perceived  in  their  upright  position 
is  evident,  from  the  fact  that  in  all  cases  where  persona  bom 
blind  have  received  sight,  objects  have  been  seen  in  their 
right  position,  although  there  has  been  an  indisdnctness  of 
vision.  This  was  the  case  with  Cheselden's  patient,  and  ii 
numerous  other  more  recent  instances. 

It   must,   then,   be   admitted,   that   we   perceive  objects 
aright,  though  the  image  is  inverted  when  painted  ok 
retina.      There  is  some  effect  produced  between  the  ii 
and  the  brain,  by  which  the  error  of  vision  is  corrected; 
god  in  this  circumstance   we  have  a  still  farther  demon- 
atration  of  the  perfect  adaptation  of  the  organ  to  our 
renience.      But  as  we  have  two   eyes,   and  consequently 
two  images  are  formed — one  on  the  retina  of  each  eye,  i 
may  be  asked,  why  do  we  not  perceive  all  things  double  f 
Sir  Isaac  Newton  thought  tliat  the  single  vision  was  i 
butahle  to  the  nnion  of  the  optic  nerves  before  they  reach 
the  brain ;    but  cases  have   occtiiTed   in  which   there  has 
1,  and  yet  the  objects  have  been  perceived 
usually  explained  as  the  result  of  me 
le  asked,  upon  the  same  principle,  why  w 
i,  do  not  receive  the  impression  of  ten  o 
e.     \Mien  we  look  upon  an  object,  we  a 
direct  the  ej'es  upon  it  in  such  a  poi 
3  images  upon  those  parts  of  the  retina 


been  no  such  u 
singly.     It  is  i 
habit.     It  may  b 
having  ten  finger 
jects  instead  of  one 
led  by  experience  tt 
tion,   as  to  bring  i 


Id  be  pvodond  hf 


hsHt  wttsitta  firam  &  ctEerbc 


tiiittmmt  kmd,  intiie 
ADftfoftfepnctaBcaBOHi.    TW  ipoc  at  wiiidi  ^e  cpce 
■enne  cntcn  Ae  eft^  ii  oDcd  tiie  piinftnm  caecum,  aad  b 

liy  Generic  not  bong  tiKie  dfividcd  into  fibres  saScaaidj 
ddkate  tD  be  acted  npoB  br  the  hmunoiM  txt§,  Tbere  b, 
tfafciiMe  a  pomt  in  everr  eeene  of  Tiev,  to  wfaicfa  ve  are 
afaeoliiielfbfiiid;  vlientbe  fi^  ere  ii  used,  ibat  peint  ia 
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This  may  be  proved  by  an  interesting  eiperiment.  Place 
two  black  wafers  on  a  white  grountl,  about  three  inches 
apiLTt,  and,  standing  at  the  distance  of  eleven  or  twelve 
inches,  look  at  the  right  hand  wafer  with  the  left  eye  in 
such  H  position,  that  an  imaginary  hne  joining  the  w&ferB, 
shall  be  exactly  parallel  to  a  line  which  may  be  supposed  to 
join  the  eyea.  If  the  right  eye  he  now  closed,  the  left 
hand  wafer  will  he  invisible.  The  success  of  this  experi- 
ment depends  upon  the  image  of  the  wafer  faUing  upon  the 
part  of  the  retina  where  the  optic  nerve  comes  in  contact 

When  we  look  with  both  eyea,  the  spot  that  ia  insensible 
to  one  eye  will  be  seen  by  the  other ;  but  it  will  only  be  half 
aa  distinct  as  if  seen  with  both  eyes.  Two  comparatively 
dark  spots  should,  therefore,  appear  in  every  scene  ;  but  this 
error  of  vision  is  beautifully  compensated  for  by  a  suscepti- 
bility, in  this  insensible  base,  to  be  inSuenced  by  the  Ught 
of  the  retina.  It  appropriates  the  light  of  the  retina  by  ab- 
sorption, and  thus  conveys  the  same  impression  of  colour  as 
the  adjoining  parts  of  that  nerve.  Tliis  error  of  vision  is 
therefore  rendered  neutral  j  and  the  insensibility  of  the  base 
of  the  optic  nerve  would  Lave  remained  unknown,  but  for 
the  eiperitnent  we  have  just  described. 

Every  one  has  observed  that  certain  luminous  appearances 
are  produced  by  pressing  the  eye-ball  outward  by  a  force 
applied  between  the  eye  and  the  nose.  A  sudden  blow  upon 
the  eye,  or  even  upon  the  head,  will  sometimes  be  sufficient  to 
produce  this  phosphorescent  appearance.  Sir  David  Brewster 
'  h»a  been  led,  by  experiments  he  has  made,  to  the  ram- 
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Another  illusion,  which  must  have  been  frequently  noticed 
by  all  who  have  paid  any  allenlion  to  the  operation  of  the 
organs  of  sense,  is  the  indiatinctDess  of  indirect  viaioo. 
£s  the  eye  steadily  upon  any  object,  while  the  mini 
intently  engaged,  it  loses  sight  by  fits  of  the  objects  which 
surround  it;  that  is,  all  those  which  are  seen  indirectly. 
Fix  a  round  piece  of  white  paper  on  a  coloured  ground,  and 
near  it  place  a  strip  of  white  paper ;  then  fix  the  eye  steadily 
upon  one,  and  the  other  will  be  lost  sight  of.  The  eye  is, 
in  fact,  only  able  to  see  distinctly  those  objects  on  which  it 
is  directly  fixed;  but  this  defect  is  in  some  degree  contpen- 
sated  for  by  its  extreme  sensibility  to  colour. 

This  is,  no  doubt,  under  certain  circumstances,  the  cause 
of  many  of  those  apparitions  which  are  so  often  declared  to 
have  been  seen.  In  the  broad  glare  of  day,  when  objeeta 
are  fully  illuminated,  the  slightest  motion  of  the  eye  will 
restore  any  appearance  seen  obliquely,  to  ita  perfect  form. 
But  in  an  apartment  where  there  is  only  a  single  gleam  of 
indistinct  Ught,  or  elsewhere  at  the  time  of  twilight,  a  very 
niaail  amount  of  light  is  reflected  by  bodies ;  atid  in  coi 
quencc  of  this,  indistinct  oblique  viiiion  is  not  easily  corrected 
by  diiect  sight. 

Another  illusion  worthy  of  notice  is,  the  capability  of  the 
eye  to  retain  a  luminous  impression  after  the  object  has  been 
withdrawn.  According  to  the  eiperiments  of  M.  D'Arcet, 
a  luminous  impression  is  retained  on  tlie  retina  about  the 
eighth  part  of  a  second  after  the  body  itself  has  been  re~ 
moved.  The  Thanmatrope,  or  wonder-turner,  is  constructed 
on  this  principle.  It  consists  of  a  card,  with  diiFerent  objects, 
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m  object  led  iqwn  m  wbite  gnmndp  and  £x  the  eje  steadilj 
ifoa  it  for  m  few  seconds,  a  Uaddi-gRen  figure  win  be  seen 
irfaen  the  eyeistnmediqionawlutesiir&ce;  aUiiish-gRrn, 
henSoKM  is  the  accidental  oi^oar  of  red.  Different  eoloon 
licve  diflbfent  ocofaur  qiectia:  that  of  orange  is  bine;  of 
piolet,  yeDow ;  and  of  Uack,  wliiie. 

The  law  of  accidental  eoloon  vt  most  remarkable.  The 
iccidental  odoor  of  any  ray  of  the  spectmm,  is  that  which 
a  distant  from  it  one  half  of  the  spectrmn.  Tlins,  if  we 
akehalf  theki^rthof  thespectmm,  by  a  pair  of  conqnsses, 
md  Bx  one  kg  of  the  compasses  in  the  ray,  the  other  leg  will 
le  in  the  accidental  coknir. 

We  are  frequently  subject  to  iilnsions  from  this  phe- 
nomenon^ of  which  we  are  quite  unconscious ;  for,  in  every 


^^^^H  ItiBlance  in  which  the  eye  is  intentl}'  fixed  upon  any  coloaied 
^^^^B  BUrf  ace,  the  accidental  colour  is  produced  when  it  is  removed, 
^^^^r  If  the  objecia  be  highly  illutninaCed,  and  the  eye  he  fixed  upon 
^^^H  them  for  any  length  of  time,  the  spectra  will  be  in  some  degree 
^^^H  permanent,  and  may  become  dangerous  toviaion.  Sirliaac 
^^^H  Newton's  experiments  are  applicable  to  this  point;  hutu 
^^^H  they  are  generally  known,  and  are  detailed  in  Sir  David  Brew- 
^^^  ster's  Natural  Magic,  it  will  only  be  necessary  lo  recal  them 
to  the  memory  of  the  reader.  After  examining  a  reflected 
image  of  the  sun  several  times,  the  spectra  became  so  per- 
manent, that  a  picture  of  the  sun  was  apparently  painted  on 
every  bright  object  at  wiiich  he  looked.  So  severely  was  his 
vision  affected  by  the  experiment,  that  he  found  ic  necessary 
to  shut  himself  in  a  dark  chamber  for  three  days,  before  he 
could  recover  the  use  of  his  eyes :  and,  when  writing  to 
Locke  on  the  subject,  many  j'ears  after,  he  says,  "  1  am  apt 
to  think,  if  I  durst  venture  my  eye,  I  could  still  make  the 
phantasm  return,  by  tlie  power  of  my  fancy." 

In  all  the  cases  we  have  mentioned,  the  eye  deceives  us 
without  being  at  all  influenced  by  an  indisposition  of  body, 
though  the  deception  will  sometimes  be  increased  by  a  par- 
ticular state  of  ill  health.  Spectral  apparitions,  whether 
occasional  or  permanent,  are  chiefiy,  if  not  entirely,  pro- 
duced by  a  morbid  state  of  action  in  some  of  the  vital  func- 
tiona,  which  has  a  direct,  though  unaccountable,  influence 
upon  the  imagination.  The  real  cause  of  this  phenomenon 
is  the  recalling  of  images  which  have  been  before  painted 
on  the  retina,  by  the  united  action  of  memory  and  imagina- 
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U  win  bardLy  l>e  necessary  to  mfflrtaon  iilaiii  at  of 

tnl  appearances,  for  but  few  penont  sre  unacqannfeBd  waih 

tbe  works  of  Hibbert  and  of  Scott.    One  of  tlif  mogt  wnm- 

estiiig  cases  that  'we  remember,  ii  tint  mriiUiMied  by  Mr 

Walter,  as  having  passed  under  tbe  nociee  of  oor  id  hm 

mescal  friends.     A  genUeman  rtuiding  bigfa  in  Ibe  Ugtd 

profeaaon,  bad  been  many  fan  afflicted  br  an  mppmtiBm, 

which  bad  constantly  attended  bun,  and  produeed  a  «ate  af 

irritation  tbat  bad  bixmgbt  him  into  a  weak  and  drfabtatrd 

ccmdition  of  body.     In  this  itage  of  tbe  diaeaK  6ir  Wabcr'c 

finend  was  called  in  for  adirioe,  and,  after  aome  iiwe,  tsUgrttd 

a  confession  of  the  source  of  all  tbe  defaibty  and  dejecliop 

under  which  the  patient  was  laboming.    Wben  Ibe  >9ipv> 

tion  first  presented  itself  to  bim,  it  was  in  tbe  Sobb  af  a  cat, 

and  was  not  a  source  of  mocb  annoyance;  bat.  after  a  fern 

months,  the  cat  left  him,  and  a  gentkman  ndter  soddeniv 

made  his  appearance,  who,  in  his  ooort  drest,  beeanM:  wt 

constant  attendant,  bowing  him  from  place  to  y^htot,  uud 

waiting  near  him  in  his  own  i^nrtments.     In  a  iew  montbifc 

this  phantasm  likewise  dis^^ieared,  and  was  folkfwed  by  one 

of  far  less  amusing  character, — b}r  that  form  which  a  heaitby 

imagination  can  hardly  paint  with  steadiness— a  skekuiu  : 

Conscious  of  the  mireahty  of  the  appearance,  he  endeanmrbd 

to  divest  his  imagination  of  the  phantasm ;  but  tlie  i^kiotoy 

apparition  never  left  him,  alone  or  in  company,  and  be  died 

from  the  depression  of  spirit  and  debilitation  cjf  body  which 

it  occasioned. 

These  are  a  few  of  the  instances  in  which  the  eye  is*elf 
deceives  i   nor  are  tbe  other  senses,  in  proporUoo  ip  tbe 


^^^^K  anmber  of  Bensationa  conveyed  by  them,  more  worthy  of  our 
^^^^B  sntire  dependence.  Do  we  not,  then,  live  in  a  vain  show  ? 
^^^H  tnd  is  it  not  necessary  that  some  effort  should  be  made, 
^^^^k  by  which  we  may  be  able  to  correct  tbe  errors  to  which  we 
^^^^  are  exposed  on  every  hand  ?  But  man  is  not  satisfied  with 
W  being  deceived  through  and  by  his  sensations,  but  in  every 

I  age  of  the  world  has  sought,  so  to  apply  the  knowledge  fae 

I  has  acquired,  as  to  deceive  others. 

I  Tliere  can  be  little  doubt  that  the  myateriea  of  the  oracles 

^  Hroong  the  Greeks  and  Romans  were  philosophical  impos- 

^^^1  tares.  At  tlie  cave  of  Troi)bonius,  and  the  orade  of  Del- 
^^^^1  phos,  these  practices  were  ])robab!y  conducted  with  more 
^^^F      skill  than  at  any  other  place 

quEiinted  with  the  facilities  of  deception  in  the  hands  of  the 
philosopher,  can  hardly  divine  the  methods  by  which  the 
wonders  of  the  temple  were  accomplished.  To  such  &n 
individual,  the  records  of  the  philosophical  historians  of  the 
period  must  be  enigmas.  It  is  difficult  to  imagine  that 
Plutarch,  and  Herodotus,  and  Pliny,  and  Casar.  and  Tacitus, 
were  deceived  as  to  the  scenes  which  transpired  i 
sacred  houses  of  the  Greeks  and  Romans ;  and  if  he  admit, 
for  one  moment,  the  veracity  of  the  historians,  he  will  be 
tempted  to  account  for  the  appearance  presented  ti 
shipper  in  the  Grecian  and  Roman  temples,  as  a  direct 
interference  of  demoniacal  inflnence.  Philosophy,  when 
misapplied,  is  as  capable  of  deceiving  mankind,  as  it  is 
suited  to  its  improvement  when  directed  by  a  spirit  of  phi- 
lanthropy and  universal  freedom.  What  a  mighty  engine 
ia  at  present  in  the  power  of  the  natural  philosopher. 


fldll 

A 
f£ 


jm  iam.  vmatsainn  if 


on^ic  'le  ^thsukH  y^  Hie 
ducfaeRdafMii  if -itf^-wmkijivnlvM 
pJnfcwnnhTT     W*  nnuc  rhoefbm. 
w  du  espianackui   it   i  5snr  looeii 
«aie  'tf  vhich.  iuvis  'ie«n  OMft  Ji   uir   iwn 
7,  tiidi.  the  iuoencboa  ri  deccrrn^,  «ui  idi«9  w* 
for  de  porpiMft  (if  amnnenieiit. 

mimr  k  one  of  the  bums  vmole  infloramenb* 
and  hswy  probably,  been  oaed,  bodi  at  the 
of  tfaeaBdeaCBy  aod  in  the  iiecrmDaiie7  of  die  mo- 
The  pCDpertj  of  a  cuneafe  mxRor  io  co  coBvnge  the 


^^B  30 

^^^H  mirr 

^^B  requ 

^^^K  most 


iKjB  of  light :  and,  therefore,  an  object  placed  before  the 
mirror  would  be  reflected  by  it  to  any  point  that  may  be 
That  the  experiment  may  be  presented  in  its 
most  interesting  form,  the  image  should  be  thrown  on  a 
dense  body  of  vapour,  and  the  mirror  itself  should  be  care- 
fully concealed.  But  an  image  reflected  by  a  concave 
mirror  is  always  inverted,  and  it  is  consequently  necessary 
that  the  object,  whatever  it  may  be,  should  be  inverted,  for 
by  this  means  the  image  ia  presented  upright. 

With  a  little  raeclianica!  contrivance,  and  by  the  use  of 
slides  similar  to  those  employed  in  the  magic  lantern,  the 
priests  and  necromancers  of  old  might  have  performed  all  the 
experiments  which  we  perform  by  the  magic  lantern.  We 
do  not  know  how  they  managed  their  mirrors,  but  theje  can 
be  no  doubt  they  used  them,  and  for  ages  held  mankind 
enslaved  by  the  deceptions  they  employed.  lamblicus  i 
forms  us,  that  the  ancients  were  accustomed  to  represent 
their  gods  by  casting  an  image  upon  smoke,  and  that  the 
images  of  living  objects  were  Irequeotly  used, 
was  done  by  the  magicians  of  the  fifteenth  and  siileenth 
centuries,  and  the  descriptions  which  are  left  us  of  the 
scenes  and  of  the  places,  are  sufficient 
this. 

ITiis  method  of  deception  may  be  very  much  improved  by 
the  use  of  a  correcting  lens,  of  such  a  convexity,  and  placed 
at  such  a  distance,  as  to  enlarge  as  well  as  reverse  the 
inverted  image. 

Reflections  from  convex  surfaces  are  not  less  interesting 
for  the  purjwaes  to  which  such  contrivances  are  now  applied, 
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donte  eancvve;  hut  tliej  are  hm  capable  of  being  need 
m  I'll! ■"■*"■*■  of  impoitiirB.  By  the  meant  of  reflection 
from  qflindncal  and  conical  miirort,  we  may  correct  dia- 
toctBd  pictarea,  mod  produce,  from  mimeaning  figures,  fonnii 
of  degance  and  of  beauty. 

But  an  theae  methoda  of  impoatnre,  which  may  be  Taried 
afanoat  in  an  endleaa  degree,  haTC  given  way  to  the  uae  of 
iSbe  magic  lantern.  Tbia  instrument  conaiata  of  a  dark  lan- 
tern, containing  a  lamp,  and  concave  metallic  mirror  as  a 
reflector,  to  prevent  the  loaa  of  any  of  the  rays.  To  thiH 
kntem  ia  attached  a  tube,  at  th^  inner  end  of  which  is  flied 
a  plano-oonvez  lens,  and  at  the  exterior  end  a  smaller  con- 
vex lens :  between  theae  lenaea  there  is  an  aperture  for  the 
admianon  of  a  slide,  on  which  ia  painted  the  image  of  the 
object  to  be  represented. 

The  light  of  the  lamp,  collected  by  the  mirror,  is  thrown, 
when  the  instrument  is  in  action,  upon  the  plano-convex 
lens,  which  concentrates  it,  and  thus  the  slide  is  illuminated 
by  an  intense  light.  The  convex,  or  outer  lens,  magnifieN 
the  object,  and  a  distinct  and  enlarged  image  may  be 
thrown  on  a  wall  or  transparent  screen.  But  as  thcHe 
images  are  always  inverted,  it  is  necessary  to  put  the  KlideH 
into  the  aperture  in  an  inverted  position. 

The  magic  lantern  has  been  very  much  improved  by  i\\v 
use  of  slides  which  are  painted  with  an  opaque  colour, 
except  the  mere  figure ;  so  that  the  image  is  thrown  on  a 
black  ground,  and  that  only  is  luminous,  which  makes  the 
deception  far  more  perfect  than  when  it  was  surrounded  by 
a  broad  rim  of  light,  as  was  the  case  with  the  transparent 
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slides.  By  using  these  we  may  throw  a  figure  upon  a  dens 
body  of  smoke;  and  if  the  figure  be  made  to  move,  h 
sliding  glasses,  and  the  lantern  be  placed  in  a  room  ad 
joining  that  in  which  the  image  is  thrown,  the  deceptio; 
could  scarcely  be  detected. 

It  is  surely  impossible  to  consider  all  these  sources  c 
deception  without  feeling  the  importance  of  an  acquaint 
ance  with  those  principles  which  enable  us  to  detect  tfa 
cheat,  and  in  some  measure  to  provide  against  the  erroi 
which  would  otherwise  mislead.  Many  of  the  facts  met 
tioned  in  the  previous  pages  will  necessarily  come  undt 
consideration  in  other  parts  of  this  work,  and  they  hav 
therefore  been  here  as  lightly  spoken  of  as  was  consistei 
with  our  object.  The  argument  is  calculated  to  promol 
inquiry,  and  if  our  attempt  to  illustrate  it  should  lead  th 
reader  to  an  investigation  of  natural  phenomena,  he  will  soo 
be  repaid  for  the  trouble  of  perusing  this  essay. 


Iti  TIME, 

toot  diBtant  from  another  body,  and  that  a  place 
distant  in  a  direct  line  from  another  place,  we  at  ones^ 
ceive,  by  comparison,  their  relative  positions.  We  may  aim  1 
bave  an  idna  of  distances  which  we  are  unable 
ThuH  we  determine  the  distance  of  a  etar  that  it 
the  ejitreme  point  at  wliicli  matter  acts  upon  our  senaea,  yet 
we  may  imagine  another  star  as  far  beyond  that  a 
yond  the  spot  on  which  we  are  obscmng  it.  In  fact,  taking 
any  Unear  distance  as  a  standard,  it  may  be  doubled,  trebled, 
or  multiplied  to  any  eWeni.  In  the  same  maimer  we  Hstb 
a  conception  of  surface,  as  the  superficies  of  a  table  o 
room,  and  wc  may  imagine  a  eu[)erflcies  much  larger  than 
any  with  which  we  are  acquainted.  We  may  also  have  a 
notion  of  volume.  The  solid  contents  of  a  ball,  a 
tain,  or  a  world  may  be  calculated.  But  imagine  either  of 
these  bodies  to  be  hollow,  and  the  inti 
it  is  evident  that  it  is  capable  of  receiving  any  substance, 
though  it  is  absolute  vacuity.  Now  instead  of  confining  the 
mind  to  a  conception  of  the  volume  of  a  ball  or  a  world, 
imagine  the  volume  of  the  universe,  or  so  much  of  it  as  is 
known,  and  multiply  that  infinitely,  and  such  is  sp&cb — in- 
definite as  W  out  conceptions, — an  infinite  vacuity,  nothing, 
yet  capable  of  containing  all  things. 


The  idea  of  time  is  entirely  dependent  on  the  perception  of 
succession.  It  is  a  mental  perceptbn  of  the  succession  of 
one  thought  after  another.  If  we  imagine  all  material  objects 
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ikdmena  we  oi»er^e  in  '3xe  -sara'*  mrsr?^  ir*  .ndiii*rir?rt  "- 
so  manT  (Cacorbizur  -araneji-  :aat  -iie-j  -rjir-r-.  tmi  ^erv':s 
of  reoAfience,  are  cnncnnaily  v:hantf:inr.  -  "v*  -s'-fr?  !:'»n- 
Ti#lT^  to  aelecs  tcamiaria  frmi  ^errejitrai  irt:eanni!«s.  -«^ 
liiaafai  find  a  toicrabie,  and  perbapa  :he  beat.  acpmT-marrti. 
in  the  perHMfical  chanoea  of  ^egecahiefl. 
p^^  tintf  deprived  of  die  bope  ot  lindinff  i  standard  5>r 
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^^^^K     the  measurement 
n  p>iiti(ni1sir  fert  tV 


n  any  lerrestrial  phenomenon,  wA 
seek  for  it  in  the  motion  of  the  heavenly  bodies.     It  it 

lingular  feet,  that  in  every  age  of  the  world  men  have  been 
apparently  aware  of  the  inespedieney  of  expecting  it  in 
other  sphere  of  material  phenomena.  But,  although  we 
the  moat  correct  standard  by  which  to  measure  the  lapse  oi 
time,  in  the  motions  of  the  heavenly  bodies,  these  do  notj; 
furnish  us  with  a  very  obvious  method  of  meaaurenient.,' 
The  vicissitudes  of  day  and  night  might  give  arudediTisioB.J 
aud  the  heliacal  rising  and  setting  of  pecubar  stars — that  is,/ 
their  rising  and  setting  with  the  sun — at  different  periods^ 
of  the  year,  afford  a  more  extended  measure  of  duration. 
But  the  length  of  the  day  ia  constantly  changing;  and  in  the! 
course  of  years,  the  etar  that  once  declared  the  commence- 
ment of  a  certmn  period  or  season,  ceases  to  be  its  messen- 
ger. The  ancient  Egyptians  waited  the  overflow  of  the  Nile, 
when  Sirius,  the  di^-star,  rage  with  the  sun,  but  Sirius  has 
for  many  ages  ceased  to  precede  that  event ;  and  Aldebaran 
once  rose  heUacaUy  on  the  first  of  May,  but  has  long  since 
failed  to  attend  the  month  of  hilarity  and  of  flowers. 

The  motion  of  the  earth  on  its  a.\is  is,  however,  an  event 
of  sufficient  regularity  to  be  employed  as  a  standard  tneasnre- 
inent  of  time.  If  we  take  any  other  planetary  motion,  it  is 
equally  certain  and  uniform,  but  is  rendered,  by  the  motion 
of  the  earth  in  its  orbit,  so  ajiparently  irregular,  that  wa  can- 
not, without  long  calculation,  determine  its  precise  change 
of  position.  But  the  time  occupied  by  the  earth  in  a  revolu- 
tion on  its  axis  from  west  to  east  never  varies ;  and  therefore 
the  apparent  motion  of  the  Btars  from  east  to  west  may  be 
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V  qC  ume.  Tlie  time  whicb  nit^srr^t^  -^.wet  \t^  '^^. 
dniLSlsr  is  seen  on  the  iwndHK,  av^c  *jLat  n.  ^a^.^  t 
ntBM  to  the  8«ine  pointy  m«  k^  ti^.  «vn«e«w.  ^Mtmfct^-  V 
ittoBomen,  called  a  nderta]  4»f .  auc  uv  -^^^  <r«y,^. 
taaCj4Qnr  equal  parts,  eaDed  vai^Kna.  vjv» 

Tin  motioii  of  the  earth  tm  xu  itzM  lu^,  fn^m  v.  u*^^ 
aa  apparent  daily  motjon  frwa  ewt  v.  w^af  m^.  Imha  ««* 
may  practical  reasopa  vhythe  mm,  mmmuc  v»  ^ruf^w*.  4»  «a^ 
rtndard  of  measmiiieDty  in  pnUsnLi^.  w  U^  a^*.  ««iw/v^i 
die  dhriuons  may  not  be  to  wrva^  it  «•:  vum^ ir  u#:  ru^. 
liwa  on  the  meridian,  that  k,  at  uma.  i*  »  mm.  u.  «»ueuc 
gndoally,  and  paai  orcr  the  wMi«n.  uvtam.  u.  fa*-  ««.  t««* 
eaity  and  retom  agpni  to  ^m  wunimL  Tm  ^ofgfM:  ijt.K^g^0&r 
in  perfionning  thia  rercteM.  jk  <4iXj«c  t  »mv  <ck^  btii  2 
niar  day  la  of  longer  dancU'ii.  ^mo.  tur  ««'j«Y«stt  i^^  idtU^r^- 
the  Bun  and  a  atar  mar  i^  ul  tu^  iwr^ifj sai.  «  ti^  mh,*  tui^ 
to-day,  the  atar  viU  larrvk.  tjy^*:  t^^uir^f'/vk  %  I*:*  tw^i^u}*^ 
before  the  son.  Thji  at  %0:Kmi*n^ci.  1/;  tu^  ^y^iKu^  y*''^*) 
motion  of  the  ion  is*  tut  v:u}^^ ,  y!*/*jxM'jef.  u%  Xu^.  i«a 
annual  mcticm  of  tiie  «ar:i.  Ninr  Kijin.  wt  Uifn^utt,  4^^ 
after  day,  the  inCcrraufe  'M!tw«9<sL  txA  ifu<.'.«a»i>i\»  a'^iHa^  <if  tij« 
aon  on  the  nxridnab,  v^  dbv^-v^vf  tua*.  tu*:  pr^i«x  u  na^iau^: 

nmecimeff  leat.    Thw*  *,  inKfrl^m    u*f.  «^i'\  i  HiflnttriM^, 
btlatJtn  die  ndereib  a&c  tiA  iKMtr  oay .  liu*  ai»o  -<  ysxrtuXsOi 
in  the  lea^rsii  of  litf;  hitver,  fnnL  wtu^'i.  ':auM  w^  af «:  cou. 
peGed  lo  tak^  a  zcmho.  uf  tiit  w'uugt,  auc  tnif  l^  ';aLec  i.  uttoii. 
daj;  «atf;  twnt^'-fourtL  jiart  uf  wmci.  it  i:  ojeai.  tojaf 


hour.  Tbis  divisiuii  has  been  a<lopfed  as  tbe  civil  sUmdard 
rftime. 

Tlie  standard  for  tbe  larger  division  of  time,  a  year,  baa 
also  been  selected  from  tbe  motion  of  the  earth.  In  coiwe- 
quence  of  the  real  revolution  of  the  earth  round  the  sun,  as 
the  centre  of  the  eyatem,  the  sun  has  an  apparent  annual  re- 
volution in  the  ecUptic.  Tim  motion  is  not  so  uniform  aa 
that  by  which  the  length  of  the  day  is  determined,  and  a 
somewhat  artificial  arrangement  baa  been  adopted  to  correct 
the  apparent  irregularity. 

Tliese  remarka  will,  it  is  hoped,  assist  the  reader  in  forming 
an  accurate  conception  of  what  tiub  is,  and  of  tbe  means  by 
which  it  is  measured.  The  sligbtest  reflection  upon  the  con~ 
dition  of  man  aa  a  social  being,  will  show  the  necessity  for  a 
divisitm  of  time,  and  the  benefit  conferred  on  society  by  aa- 
tronomy,  in  providing  the  means.  What  would  be  the  state 
of  our  large  towns  and  cities,  and  how  could  their  businesa 
be  conducted,  if  there  were  no  means  of  dividing  time  by  a 
common  standard?  It  is  absolutely  necessary  for  tbe  well- 
being  of  society;  and  tbis  has  been  acknowledged  in  every 
age,  and  by  men  of  aU  ranks  in  civilized  states. 

Let  it  be  iniagined,  that  these  standards  of  measurement 
were  destroyed,  by  what  means  could  time  be  divided,  and 
how  could  engagements  be  regulated?  We  might  indeed 
be  compelled  to  determine  its  lapse  by  the  dripping  of  water, 
or  by  the  burning  of  a  candle ;  or  if  we  imagine  watches  and 
other  mechanical  contrivances  to  be  known,  by  what  are  they 
to  be  regulated,  and  how  can  their  rate  of  motion  be  deter- 
A  discordance  in  our  measurements  must  necessa- 
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«  property.  If  a  Bubstance  could  be  deBtitnta  of  impe- 
Betrability,  then  any  other  substance  might  pass  thnmgh  it 
without  displacing  any  of  its  particlea.  We  should  not  tlusie- 
fore  Rive  a  very  erroneous  idea  of  matter,  if  we  were  to  say 
that  matter  is  impeuetiBbiltty.  There  are  toany  appajnnt 
contradictions  to  this  statement ;  one  of  which  may  be  men- 
tioned, as  it  is  likely  to  strike  the  mind  of  the  student  It 
is  well  known  to  chemists,  that  there  are  same  BubBtaaces, 
which,  when  chemically  united,  have  a  less  volume  than  the 
Bum  of  the  two.  This  is  the  case  with  alcohol  and  water. 
If  we  take  a  Florence  flask,  or  long  glass  tube,  and  after 
filling  it  with  water  pour  off  a  certain  measure  of  that  liqnid, 
and  add  an  equal  measure  of  alcohol,  the  volume  of  Buid 
contained  in  the  vessel  will  be  considerably  less  than  in  tba 
first  instance.  This  does  not  arise  from  the  penetrabili^  of 
the  substances,  but  is  the  consequence  of  the  forma&Ki  of 
what  may  be  called  a  new  substance,  whose  molecules  ap- 
proach nearer  to  each  other  than  the  molecules  of  either  of 
the  liquids  which  compose  it.  That  this  explanation  is  accn- 
rale  will  be  the  more  certain  from  the  fact,  that  there  are 
other  substances  which,  when  united,  produce  a  compound 
of  greater  volume  than  might  be  expected  from  their  sepa- 
rate bulks. 

We  are  made  acquainted  with,  or  become  consdoua  of, 
the  existence  of  matter  through  the  medium  of  our  eesam. 
By  the  sight  and  touch  we  judge  of  size  and  figure;  and 
sometimes  we  are  able  to  form  tolerably  accurate  notions  by 
the  ear.  The  eye  is  the  most  C'lcursive  organ ;  for,  by  its  aid, 
siie  and  figure  may  be  determined  at  a  distance :  but  the 
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yond  the  research  of  the  human  miud ;  and  it  is  eaaie 
detennine  what  ifl  not  the  ultimate  condition  of  matter,  t 
to  prove  what  is. 


It  is  eiceedingly  curious  to  trace  the  extreme  diviubilitf 
of  which  matter  is  Husceptible  in  the  arts,  and  the  minate 
forms  under  which  animated  being  is  frequently  presented 
to  our  view.  It  may  be  proved,  as  already  stated,  by  geo- 
metry, that  matter  is  divisible  without  end ;  but  the  r 
researches  in  chemistry  make  it  probable,  that  all  Eubstancet 
are  composed  of  indivisible  atoms.  It  is  not  our  intention 
enter  upon  the  abstract  inquiry,  in  which  an  inveatigatdrai 
the  evidence  in  favour  of  these  opinions  would  involve  aa, 
but  simply  to  bring  before  the  reader  a  few  inetances  of  the 
eictreme  divisibility  of  which  matter  is  susceptible  by  artifi- 
cial means,  and  of  the  minute  forms  in  which  it  does  esiat 
and  possess  the  principle  of  life. 

The  metallic  mirrors  used  in  reflecting  telescopes,  when 
they  come  from  the  hand  of  the  workman,  appear  perfectly 
smooth  surfaces  to  the  naked  eye ;  but  when  examined  with 
B  strong  niBgmfier,  «eem  to  be  covered  ivith  deep  ind 
tions  and  correa|»nding  projections.  Nor  is  this  singular  j 
for  when  metallic  surfaces  are  polished,  their  greater  e 
nences  only  are  worn  down,  and  they  must  still  remain  ct 
paratively  rough ;  for  the  powder,  whether  tripoli,  putty,  i» 
aand,  can  do  nothing  more  than  scratch  the  surface  in  every 
direction. 


Bmnnunr  mr  matsbt.  «s 


If  we  take  a  jnece  of  fl^av  tdbe.  aaid.  tKudioir  cairt:  cod. 
biing  the  centre  into  the  ^aamt  ^  a  vpanc^iasD} .  aac  nuMe  £ 
16  a  white  heat,  we  may  dnw  k  oub  V/  ik/  ipvm.  %  ot^mt  of 
fineness  that  it  shaU  leafedT  be  nailw:  v*  liat  irni—ninfir 
eye ;  yet  that  fine  thread  of  gfaai  k  a  tuW,  auG  inercur}'  mav 
be  made  to  pasa  throng  'KL 

The  oxide  of  lihrer  is  caqiSojed  V)  aiais  ^riaw  of  a  Tellov 
eoloar.  One  ounce  of  aher  wiS  auis  fuur  hundred  square 
feet;  and  when  the  cfiDCt  ha*  hem  jrtiduced,  a  t^iemical 
meana  is  employed  to  reeover  like  silver  tuat  ha»  wa  been 
anifted  wtth  the  f^im,  and  the  manufacturer  sucoeedi^  in  get- 
ting hack  ao  much  that  thoe  is  no  |ierce}itible  losv  of  aright: 
firara  which  it  win  appear,  that  like  divisibility  of  the  matter 
is  sodi,  that  Ibor  hundred  aqnare  feet  of  gkse  are  stained 
by  a  quantity  of  sUvcr  winch  we  hare  no  mesne  of  weigh- 
mg. 

The  extieuie  dirisilnlity  of  matter  i(^  stiJ]  more  strox^rly 
exemplified  hy  the  grest  sensibility  of  the  organ  of  smelling. 
If  the  coik  of  a  vessel  containing  bydro-«ulphuret  of  am- 
monia be  removed  for  a  few  momenu:,  the  fetid  emell  of  thi^ 
sobstance  is  immediately  oonve}'ed  to  every  indiiidual  in  a 
laige  apartment.  If  a  piece  of  camphor  be  subjected  to  a 
small  increase  of  temperature,  its  well-known  odour  ndll  be 
soon  detected,  though  the  most  accurate  balance  would  £cul 
to  give  evidenee  of  any  decrease  of  weight  in  the  mass.  With 
many  other  substances  the  same  experiment  may  be  tried 
with  equal  success;  and  in  each  we  have  a  demonstrative 
{Roof  of  the  extreme  divisibility  of  the  matter  which  pervades 
every  portion  of  the  atmosphere,  and  yet  in  so  minute  a  con- 
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at  no  artificial  means  we  poesesa  could  detect  its 
presence. 

But  if  we  leave  the  inanimate  for  the  animated  being,  we 
11  observe  GtiU  more  striking  displays  of  the  minuteneEs 
of  matter,  inasmuch  as  it  is  connected  with  all  the  capabi- 
litieB  of  receiving  and  of  obtaining  pleasures  suited  to  its 
oondition.  The  recent  improvements  which  have  be«n  made 
in  the  construction  of  the  microscope,  and  in  the  apphcation 
of  a  powerful  light,  have  oj^ened  bi  examination  the  condi* 
tions  and  habits  of  the  inhabitants  of  a  new  world,  whoae 
very  minuteness,  and  the  obscurity  that  has  bo  long  over- 
nhadowed  them,  give  an  interest  to  our  inquiries.  Ammalg, 
whose  e.\istencB  could  not  have  been  discovered  without  &a 
use  of  artificid  aids,  are  found  to  possess  an  internal  organ!- 
tation ;  and  in  many  instances  the  ramifications  of  their  sir 
vessels  and  nervous  systems  have  been  traced.  As  these 
minute  animals  have  a  system  for  the  support  of  life,  the^ 
must  also  be  provided  with  food,  which  supposes  the  eaist- 
ence  of  matter  smaller  than  themselves.  In  this  way  we  may 
trace  the  divisibility  of  matter,  until  the  mind  is  tired  with 
the  hope  of  discovering  the  ultimate  minuteness.  A  descrip- 
tion of  one  or  two  of  the  animalcuhe  will  best  illustrate  the 
subject. 

The  larva  of  a  small  species  of  dytiscus,  so  called  because 
all  the  animals  belonging  to  the  genus  are  observed  to  dive 
or  plunge  when  approached,  is  an  interesting  object  for  the 
microscope.  Mr.  Pritchard  has  given  an  account  of  the  ani- 
mal and  its  habits,  from  which  we  hai'e  selected  the  follow- 
ing facts:  — During  the  spring  and  summer  months,  the 
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eggs  from  wbich  tbeae  Ivne  ««  vnKnrM. 
tdhfiring  to  aquatic  pfaflt*  aiC  "aafe-ty  jrr'OTrrLe  wor-  iv 
8iir£Eu»  of  the  water.  If  *  fev  n^  1imi»  ^1^  :#.  ^^.m^c^  s 
a  veMel  of  water*  aad  cx^mkc  it  ti^  ^w.  n  ^  •  r^jc.^ 
weather  ihey  will  be  idOeuet  n  t  i-sv  tv^  V  .^  '^ 
yoong  first  make  tbeir  ay;*ar«f>-  iu»-  «t»  .7  «  '^r*-  ■  x-w 
and  remarkablj  actire«  ws«a.  t  i*;r  (»t%'  ^-^  i.^  r.^r  '..^rr 
akin;  and  duiinif  that  f^fSKMS^  vurs  ^^r-..-^,^  ^^^  :.-r^ 
they  are  afanoit  ocMnsM,  voMraklr  «^r^  -.  ^  .^^r*  4. 
their  actiritjr  fianaJbea  i3«aL,  art.  twr-  <r^>8::  .-?jt:  :v^ 
The  diapoaitioD  of tbistt  onsvufvi*  ar*;»  a  iprr-.^  ^z*  -r-^ 
dicy  are  anned  wicki  a  |«r  tf  war  {«fi9-j#  ^r  r,sm^^r.»0>  ^^ 
with  these  veapuue  ner  «ieat  luer  imr  »/«  i/r-.  -r^  r  jt«k. 
dndly.    If  tisTieaB  i*  tic  jK'n  ^  \  jnac  -r  ^ft^^r*  r/; 

^■«  .  .»    ^         -.J  ^5*        ■ 

viTJUfc  *  "jvunnv^t  ".-.■.^rv    -^  ■■■•  ■-      V  .^^. 
tfaoe  anhnaif  e^  loarjiAe  ^i  warn    -7::#r-   r//*      :.^-    '*9^ 
one  UKX&er.  «v  ixar  "^ut  muv  i>^\^   tff««    '^.^vr.sar- 

m 

tat  3BUxxaa  jjf  Jmev  ^  ^7*  i=u^  -*  *jr'-**r  V'>t  Arr^j-rt"  *!>«:- 
3eiu  ire  vwqc  tie  'Uir^eSii  ;t  is.  .-ztr.-i  r.  ^rur-'.  '•'if  ~.v.m» 
ncGbLr  aiec  -vXL  are  =rx  zixjrt  ziiskXL.  laJ  -.iiar  ^l^.  ssui  !:ui 


vitlim  their  cniic-  nBeruiK;'*   ^n^nln.£    ^--'    '.  ..'^ 
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only  be  discovered  by  the  use  of  a  magniiier.     It  is  most   < 
ramarkable  for  the  posseEsion  of  curious  rotary  organs,  by 
which  tlie  animal  is  able  to  produce  a  current  towards  the 
c^aing  between  its  wheels,  and  thus  to  bring  food  to  its      { 
mouth,  which  is  situated  below  the  neck  at  the  conunenee- 
ment  of  the  body.     It  feeds  on  small  animalcuhe  and  vege-      \ 
table  matter. 

No  part  of  the  animal  kingdom  can  more  eicite  i 
thoughtful  admiration  than  that  class  nhicb  includes  the 
creatures  iniiBible  to  the  miaesisted  eye.  By  the  aid  of  tbe 
microscope,  we  not  only  discover  that  matter  is  capable  of  a 
divisibility  greater  than  we  could  have  imagined,  but  that 
this  matter  may  be  in  posBesaion  of  vital  powers,  and  en- 
dowed (vith  freedom  of  motion,  a  capability  of  choosing  a 
location,  and  of  selecting  food.  Nor  does  our  surprise  end 
here;  for  when  we  increase  the  power  of  our  rasgni^ng 
glasses,  we  discover  that  many  of  these  invisible  animals  ai 
carnivorous,  and  feed  on  creatures  smaller  than  themselves, 
which  in  their  turn  possess  the  same  habits.  In  this  way 
ve  may  trace  the  dinsibility  of  matter  as  far  as  art  can 
na,  and  we  then  feel  we  may  strive  in  vain  to  find  any  limit 
oi  minuteness  to  the  works  of  the  Almighty  Creator. 


Matter  is  presented  to  our  notice  under  diflferent  condi- 
ions,  and  according  to  its  circumatonces  becomes  possessed 
of  essendally  new  properties.    Bodies  are  either  soUd,  liquid 


If  aaiform ;  but  moct  wm^moM  mar  le  5vr»i  n 
■dwf  of  these  several  sUrtca.    TW  simc  naiarbfliK  vnoer- 
titt  of  matter  arc  porodsj,  ooMprwaniucy.  {sa«ur37   nut  «. 
pinalnlifey:  they  are  poaMsaed  ar  vMicsi  ji  tizSinar  vrv 
portMHiB. 

Porofify.— The  molecnka  or  muccieac  vt^t'.m  if  i«l 
bodies  are  separated  br  the  iaifnm^  ragrr  ^nerr  uyia  inr 
another,  and  the  spaces  bccauii  ae  psrsc:e»  ip«  ^aikri 
poRS.  There  is  reason  to  beaeve  disc  3a  'sv-i  oiiru*:e»  w* 
in  actual  contact.  AH  bodies  are  pfxnoii.  -su-.na!!  «uiie  ji  « 
mneh  g^realer  degree  than  others  T!ie  ffimiRuirffi  :aac  icp» 
most  dense — that  u,  diose  wbeh  iuve  the  jp^aaeac  ymnhM 
quantity  of  matter  in  a  givea  Tparei  art  inc  iemicice  "if  "Suh 
property.  Sponge  is  an  exaoipie  of  eiareme  virMcr.  V^^k, 
table  snbstsnces  are  also  ejiiuneli  poms,  as  aay  V  •WU7 
proved ;  Cm*  if  a  wooden  cnp  Ctd  -r-jca.  2»mr7  ""•*  '^'*^  *'• 
die  receirer  of  an  air  poznp.  and  ^hl»  T*rxT*r  vt  >T:iai'.4H2«:. 
the  mercury  will  pasi  throc^  the  zs^r^cu-jHi  -«r  ;:cr9  '.f  *r.f> 
wood. 

The  density  or  specific  grsrisy  of  '»ije?»  :<>  j*r.«r^7  ^ 
creased  as  the  porosity  u  iscrusefi;  :'>r  :n  prxxrrxa  ^b* 
their  particles  are  driTen  away  firoa  tautz,  '.*.likz.  the  veiff!:^ 
of  any  Tolame  of  tho%e  bodies  mTut  fi:j=.:s.>b.  Tr.e  der^^try 
of  bodies  is  supposed  to  be  re^rilatefi  07  tbe  :  .irrrjt  of  *ije.T 
tiltiTTurtj*  particlesy  as  the  number  that  mscj  :>»  pai:ked  ji  2 
given  space  will  eridently  depend  on  their  «h&pe.  '''  For 
eiample,"  says  Professor  Millington,  *'  if  it  be  supposed  dia: 
a  miffion  particles  of  gold  are  contained  in  a  cubic  inch  r/ 
that  metal,  fire  hundred  thousand  particlea  of  iron  might 


^^      tho 

^^^P     ani 

^"       Th 


also  be  cspable  of  occupying  that  same  space,  or  one  hundred 
thousand  particles  of  wood.  lo  the  iron  and  wood  there 
therefore  he  more  pores  or  interstices  than  in  the  gold, 
and  of  course  the  gold  will  be  the  heaviest  or  most  deuK. 
This  increased  density  and  weight  does  not  then  arise  from 
the  tadividual  particles  of  gold  being  heavier  than  those  of 
wood,  but  from  a  greater  number  of  them  being  forced  inW 
the  same  space, — for  the  original  particles  of  matter  a 
presumed  to  he  of  the  same  weight;  and  thus  gold,  which 
is  one  of  the  heaviest  solids,  will,  when  dissolved,  rem 
suspended  in  ether,  which  is  one  of  the  Ughteat  liquids." 

CompTessibililT/. — All  bodies  which  can  be  diminishei 
volume,  without  a  diminution  of  mass,  are  s^d  to  posseet 
the  proi>erty  of  compressibiUty.  The  compression  of  bodiei 
is  evidently  caused  by  a  susceptibdity,  in  the  constituent 
particles,  of  being  brought  closer  together.  Tliis  may,  i 
true,  be  done  by  a  diminution  of  temperature;  but  a  body 
can  only  be  said  to  possess  this  property  when  it  can  be 
pressed  by  mechanical  means,  and  no  body  can  be  compres- 
sible unless  it  be  porouH. 

Heat  is  often  given  out  during  compresuon,  A  piece  of 
iron  as  large  as  the  tittle  linger  will  become  red  hot  w^ien 
struck  a  few  times  with  a  hammer.  After  compression  has 
been  effected,  and  the  iron  has  cooled,  it  will  not  he  possible 
to  produce  the  heat  again  unless  the  iron  be  previously 
softened.  ITie  compressibility  of  water  has  been  proved  by 
Mr.  Perkins ;  and  atmospheric  ah  may  be  so  much  reduced 
in  bulk  by  the  me  of  a  common  syringe,  if  properly  ma- 
naged, as  to  give  out  sufficient  heat  to  kindle  tinder.    All 


.  bat  the  d^cnt  Oe- 

(■fciylhc     ir       I       ■■■Hi' oftbebody. 

Jl^^i^m  M  diat  pii— *^|J*  wfaidt  tnablra  a  body  to  rp- 
^^K,rftera&HtxhaBbeenexeneditpanit,  the  form  it  prw- 
MNdfRTtoua  lo  MvapVEaaon.  Wben  lir.  for  iasonrr.  le 
tn^^ned  into  »  —"****•  rolune  than  iu  tocpenlurc  wul 
ik  iniimiL  of  tlw  sBpesincumbeiU  mtntospherc  would  eam- 
pdiltoiake,  it  regwm*  by  it*  elastictty  iln  itrrritnu  toIuiiK' 
n HMD  ka  tbe  i  iiiiib  wiiiig  force  is  renwred ;  and  ibr  powvr 
it  exnta  to  do  tbis  w  in  exact  proportion  to  the  force  with 
vhidi  it  ia  compressed.  Atmo^beric  air  poesessM  elarti- 
citjr  in  a  remarkable  degree.  If  air  had  not  thi»  property, 
tbere  would  be  do  force  to  coimlcract  the  effect  of  the  pres- 
voK  which  the  lower  strata  of  the  atmosphere  suffer  in 
bearing  the  weight  of  those  above  them.  From  ihese  fiicts 
it  may  eoeily  be  deduced,  that  every  elastic  body  is  capable 
cC  contpresdon,  though  it  in  quite  possible  that  a  Iwdy  may 
be  compressible,  and  not  elaatic ;  and  under  the  latter  eon- 
ditioD  it  must  remain  in  that  shape  into  which  it  is  forced, 
or  take  the  pennanent  impression  of  the  body  by  which  it  is 
acted  upon. 

We  eometimes  E]>eak  of  the  elasticity  of  tendon  j  that  is, 
the  force  which  is  eierled  by  a  string  or  wire  in  its  effort  to 
rejjain  its  former  length  and  condition.  If  it  be  twisted  be- 
yond a  certain  point,  it  will  take  a  permanent  diaplacementi 
but  as  there  are  always,  when  a  uTre  or  cord  is  bent,  i 
atoms  which  suffer  compression  and  others  e. 
must  be  Botne  attempt  to  return  to  the  fom 

The  elasticity  of  a  body  is  susceptible  of  important  cl 


•  so 

^onder  particular  circmnBtancefi.    The  elastjrity  of  eolida  iaij| 
generally  deireaaed  by  beat;  and  this  is  more  espedallfa 
le  caae  witb  tbe  metals.     Gold,  silver,  platina,  and  copper,    ■ 
■e  rendered  more  elastic  by  bammering;  and  ibe  metallie    || 
alloys  haVe  gener^y  more  elasticity  tban  the  simple  metala. 
The  elasticity  of  fluids  is  increased  by  beat;  and  it  is  b    | 
consequence  of  this  circumstance  timt  steam  has  been  applied    | 
with  BO  much  success  as  a  mechanical  power.    But  althouglt    I 
we  are  acquainted  with  many  facts  relating  b 
tions  of  elasticity,  we  cannot  determine  the  origin  of  thii 
-property ;  it  is  generally  supposed  to  be  tbe  result  of  a 
pulsive  power  difiiised   around  the  particles  of  the  elastic 
body;  hut  this  is  only  an  bypotbes 
forther  accuracy  than  that  it  will  account  for  the  phems 


Expautibiliti/  ui  that  property  which  enables  bodies  to 
increase  their  volumes  when  acted  upon  by  adequate  causei 
This  property  seems  to  be  governed,  in  some  instances,  by 
the  diffiision  of  that  unknown  principle  called  heat  among 
the  particles  of  the  expanding  body.  Thus,  if  we  take  a 
bladder  containing  a  small  volume  of  air,  and  expose  it  to  ■ 
fire,  or  to  boiling  water,  the  inclosed  air  will  expand,  and 
fill  the  whole  bladder.  But  dilatation  is,  in  other  instances, 
produced  by  the  remoiid  of  pressure.  If  we  again  take  a 
bladder  in  which  a  small  volume  of  ^r  is  contined,  and  place 
it  under  the  receiver  of  an  air  piunp,  the  air  inclosed  in  the 
bladder  will  begin  to  expand  as  that  in  the  receiver  is  re. 
moved,  gradually  increasing  its  volume. 

The  dilatability  of  the  metals  by  heat,  and  iheir  contrac- 
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)iakl)yc(M^ii|^  lias  been  applied  in  Fnit  to  rcflore  the  vaDc 
jtf  the  Conaervatoiy  of  Arts  to  tbeir  perpeodiciilu'  positiofi, 
flndi  liad  been  destroyed  by  the  wei^t  of  the  roof. 
ILMakid,  who  soperintended  the  work,  pboed  panllr] 
\tn  of  iron  across  the  bnikfaiy,  and  pewang  tfann  throngrfa 
thencBning  waDa  Cuteoed  them  vith  nuts :  emr  ahcrnate 
bir  was  then  heated  by  lampe,  which  caoaed  the  metal  to 
caipnid,  and  the  nots  were  screwed  close  to  the  wills.  Hkc 
ban  were  then  permitted  to  cool,  and  the  metal  conMaqoentlT 
coBfaacted;  and,  being  aecnred  by  the  nuts,  drew  i^  the 
ndning  walla.  The  intennediate  bars  were  then  acted  v^ioa 
ia  the  same  manner,  and  the  building  was  at  last  bi  ought  vu 
i    its  peipcndimlar  position. 


THE  STATES  OF  MATTEB. 

Matter  in  the  constitution  of  bodies  may  exist  in  either  si 
solid,  a  Hqaid,  or  an  aerifonn  state.  Hie  jjardrular  fonc 
it  assmnea  will  depend  on  the  relatire  cohenon  or  repul- 
sion of  its  omstitQent  partides.  If  the  repulnre  force  U: 
small  in  comparison  to  the  oc^ieeire,  a  t/jlid  ii-il]  be  iLe 
result :  if  the  cohesire  and  repolsiYe  forces:  be  bo  balan'^ 
as  to  give  the  paiticks  a  freedom  of  mijdon  ninoit;^  ea'.-L 
other,  a  'Gqmd  will  be  prodoced ;  but  if  the  repuluve  furr-t 
have  the  ascendency,  then  the  body  will  avivmiie  iLt  himi'jni'. 
state.  To  determine  the  agent  that  produ?«;b  the  rec«ssk»n 
of  the  particles,  and  the  manner  of  its  at-tinty,  are  the  jjrii.- 
dpal  objects  in  erery  enqmrr  into  the  staur^  of  msfr.er. 

e2 


^^^^V     SS  THE   STATES   OT   UATTEU, 

^^^^H        We  Bometimea  Bpeak  of  tbe  natural  state  of  a  body,  butj 
^^^^"      this  tenn  if  very  likely  to  be  misunderstood.    There  is 
n  condition  in  which  every  substance  is  commonly  found,  b 

I  its  particular  state  reay  always  be  considered  as  the  result  ol 

^^^^_       circumstances.    As  water  may,  under  the  influence  of  ci 
^^^^B      forces,  be  made  to  assume  the  condition  of  a  solid  or  a  va 
^^^^H      so  all  other  substances,  speaking  generally,  may  take  eithdl 
^^^^       of  the  three  states. 

It  was  supposed  by  the  ancients,  and  some  modem  w 
lun-e  defended  the  opinion,  that  fluidity  is  the  conseque 
of  a  particular  form  of  ultimate  particles,  which  ai 
to  be  of  a  spherical  form,  hard,  and  with  poUshed  surfaci 
The  freedom  of  motion,  which  they  have  among  each  o) 
induced  the  supposition,  that  they  were  hard  with  p 
surfaces ;  and  the  spherical  form  was  chosen,  because  wi^ 
this  shape  they  would  touch  each  other  in  the  feweat 
possible  points,  while,  at  the  same  time,  the  sphere  has 
the  greatest  bulk  under  a  givea  surface ;  and  as  Mctiott 
is  according  to  the  surfaces ;  there  would  be  less  resistanoq 
from  this  cause  to  their  motion  among  each  other.  If  wf 
imagine  a  number  of  spheres  to  he  moving  upon  a  plant 
surface  as  upon  a  board  or  table,  there  will  evidently  be  I 
great  freedom  of  motion ;  but  if  we  imagine  one  seiiel 
of  spheres  to  be  moving  upon  another,  this  cannot  be  dw 
case,  for  the  upper  rows  would  evidently  fall  into  tbe  cavitiel 
of  the  lower.  There  is,  therefore,  a  presumption  against  thi 
spherical  form  of  the  ulthnate  particles  of  fluids.  But,  hoiK 
ever,  tills  may  be,  there  must  be  some  force  to  cause  the  pan 
ticles  to  recede  from  each  other,  and  that  cause  is  beat.     1) 


dlbeovrnexl  object  lo  explain  the  manner  in  which  heat 

Seat  is  conunonly  known  by  its  seDnible  eflc^ct■,  that 
IB,  liie  influence  it  poBBeaHes  upon  the  animal  h™ly  ruid 
Hit  llmmoineter.  Heat  may  ejiiat  in  bodice  without  (liv- 
ing evidence  of  its  preeeace  by  any  nf  iheHe  nenaiblr 
effects,  and  then  it  ii  called  latent  heal,  or  tbo  caloric  of 
flnifity.  It  is  a  common  error  among  tboee  who  have 
not  studied  the  physical  acienceB,  tluit  the  thermometer 
deternuneg  the  amount  of  heal  contained  in  a  body,  but  Ihli 
SBpfKwitian  is  not  founded  on  fact,  for  althou)(h  it  [loci  show 
the  difference  of  temperature  between  two  bodien,  it  doeB  not 
give  the  relative  quantities  of  heat  they  contain.  Tlie  ther- 
mometer does  that  which  the  Mnse  of  feeling  may  do.  though 
with  less  accuracy ;  it  determinee  the  dcKree  of  eeniiible  heat, 
bnt  gives  no  information  relative  to  that  which  ii  latent,  or 
in  cither  words,  that  which  is  in  effect  combined  with  tb> 
particles  of  the  body.  If  we  take  in  one  glaii 
water,  and  in  another  five  pints  from  the  lame  upring; 
they  will  affect  the  thermometer  equally,  though  they 
dently  cannot  contain  the  same  quantity  of  caloric.  From 
Ihia  experiment  we  may  deduce,  that  the  thermometer  Is  not 
■  measurer  of  the  quantity  of  caloric  poiieeaseit  by  a  body, 
for  it  is  evident  that  five  pounds  must  poHseHM  more  than 
one.  To  explain  the  curioua  fact,  that  Bubatances  having  the 
Bonte  tempercttnre  have  not,  necessarily,  the  same  quantity 
of  caloric,  we  must  suppose  that  caloric  exixtn,  in  liodiea, 
in  two  opposite  conditions :  in  one  i(  h  in  chemical  combi- 
nation, and,  lotiing  its  prominent  characters,  is  called  tat«ati 
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the  other  it  is  uncombined  or  iree,  and  has  tite'  ^ 
capacity  of  passing  from  one  body  to  another;  and,  cm 
quently,  produces  an  effect  upon  the  animal  syetem,  or  n 
the  thermometer,  and  is  caUed  sensible  heat. 

It  is  latent  heat  that  is  the  cause  of  fluidity,  whether  it  be 
the  fluidity  of  a  Uquid,  or  of  an  aeriform  body.  An  experi- 
ment will  prove  that  heat  is  the  real  caiuie  of  liquidity.  Take 
two  connected  vessels,  and  place  ice  in  one,  and  water  in 
other;  both  being  at  the  temperatm^  of  32  degrees.  Then 
put  a  thermometer  in  each,  and  espoae  them  to  the  heat  of 
a  mercurial  bath,  raised  to  the  temperature  of  312  d^jeei. 
The  thermometer  in  the  water  will  immediately  begin  to  in- 
dicate an  increased  temperature,  and  will  rise  140  degrees 
before  the  thermometer  in  the  ice  is  at  all  affected.  B 
the  vessels  are  exposed  to  and  receive  an  equal  quantity  of 
heat;  we  can,  therefore,  account  for  the  difference  of  eSeet 
only,  by  supposing  that  the  140  degrees  which  become  Beni 
fale  in  the  water  is  applied  for  the  liquefaction  of  the  ice. 
is  evident  then  that  a  certain  quantity  of  caloric  rnoBt  be  rs' 
ceived  by  a  solid  body,  before  it  can  take  the  liquid  state 
but  the  heat  that  is  thus  absorbed  is  not  sensible  either  U 
the  touch,  or  the  thermometer,  for  the  thermometer  remuni 
stationary  during  the  whole  process  of  liquefaction. 

The  statements  we  have  made  in  relation  to  the  formation 
of  liquids  are  equally  applicable  to  elastic  fluids,  that  is 
vapours  as  a  class.  If  we  subject  water  to  the  influence  of 
heat,  the  temperature  will  continue  to  increase  until  it 
reaches  the  boiling  point,  or  212  degrees,  and  all  the  heat 
which  is  afterwards  received  will  be  employed  in  the  forroa- 
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Ikm  of  Tapour,  for  how  intense  soever  it  may  be,  the  water 
oimot  under  common  pressure  be  raised  to  a  higher  temper- 
itore.  It  is,  therefore,  evident  we  think,  that  heat  is  the  cause 
of  ftiudity ;  and  from  many  facta  we  may  learn  that  solids 
and  fluids  are  hut  conditions  of  matter  dependent  on  circum- 
stances. 

COHESION. 

There  is  a  force  called  cohesion,  or  molecular  attraction, 
and  by  this  the  particles  of  all  bodies,  whether  solid,  liquid,  or 
vaporous,  are  held  together.  Substances  are  composed,  as  we 
have  already  stated,  of  portions  or  particles  which  do  not 
I  touch  each  other.  If  these  particles  were  not  held  together 
by  some  attractive  influence,  they  would  fisill  asunder,  and 
the  world  itself  would  be  an  unconnected  mass. 

The  cohesive  force  has  not  the  same  intensity  in  all  sub- 
stances. In  iron  and  some  other  bodies,  it  is  very  strong; 
but  its  sphere  of  attraction  is  small.  On  this  accoimt  they 
are  brittle  and  hard,  not  admitting  of  extension  or  stretching. 
In  Indian  rubber  the  cohesive  force  is  weak,  but  the  sphere 
of  attraction  is  large,  for  it  easily  suffers  expansion  without 
being  broken,  and  returns  again  to  the  same  place.  Between 
these  extremes  there  are  various  degrees  of  cohesive  force. 
Some  bodies,  lead  and  Indian  rubber  are  instances,  may  be 
made  to  unite  after  fracture,  and  this  is  usually  attributed  to 
their  large  spheres  of  attraction. 

It  is  cohesion,  then,  that  is  the  antagonist  force  to  heat, 
as  it  tends  to  bring  together  that  which  heat  separates,  and 
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body  must  in  a  greatei 
of  these  forces. 


epend  upon    L 


Matter  muat  be  in  one  of  two  states,  at  rest  or  in  mi 

'   The  idea  of  rest  or  motion  is  Himple,  and  cannot  be  easi^ 

defined,  although  we  may  expkin  our  conception  of  these 

conditions. 

The  idea  of  matter,  is,  as  we  have  ah^ady  explmned,  almoK 
■  •  consequent  upon  the  idea  of  space,  so  the  idea  of  rest  OT 
on  follows  a  conception  of  the  existence  of  eepaiste 
ies  of  matter.  The  idea  of  situation  or  place  may  be 
i  pwrelyraental  operation.  The  mind  may,  without  any  refer- 
to  organiiation,  have  the  idea  of  motion  or  rest.  A  bUnd 
[  man,  having  a  conception  of  space,  might  ima^ne  hinuelf  s 

itre,  and  from  that  would  follow  a  place  higher  and  a 
f  place  lower,  one  to  the  right,  one  to  the  left.  When  he  has 
proceeded  thus  far,  the  idea  of  relative  motion  will  follow, 
for  he  will  perceive  that  a  body  may  remain  in  the  same  part 
of  space,  or  it  may  he  moved  from  one  place  to  another. 
There  is  no  absolute  modon  or  rest,  for  any  body  in  either 
state,  must  be  eo  in  reference  to  some  other  body.  If  we  say, 
that  we  are  in  motion,  we  mean  that  we  are  changing  our 
situation  in  relation  to  some  objects  around  ua.  Two  bodies 
remaning  in  the  same  part  of  space,  whatever  their  distance 
from  each  other,  are  in  a  state  of  rektive  rest.  If  we  imagine 
le  of  them  to  be  changing  its  position  in  space,  then  it  is  in 
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rUpc  modon,  or  in  other  wtordi^  is  muUMi  cvmu^*-  U/  ti^ 
•dierbody.     We  can  have  iw  idea  gf  a  U/or  n^  auMJiu^ 
Bodon,  for  to  obtain  thia  eonoefrtMD,  V4r  lutui'.  !»#  j/ummw 
ai  idea  of  our  non-entity,  and  tbe  imma^cjiii«u«>  of  al  mic 
Kances,  except  the  one  that  we  art  U;  ouii«xi«*:  ti.  iuvUm. 

Tliat  by  which  we  are  aarruitfid«id  i*  s«i«li«*.  mjC  «An* 
Ational,  and  in  fact  all  tfainipi  arc  iti  b  *>ju^UU\m.  %/.  i«jMii«* 
notion,  though  not  perfaafw  jierue^AiiMt  ti>  ur .  auc  r.  jt  wu» 
that  rdadye  motion  and  reat  may  nuiA  a*.  ti#^  «rtiii#  tu\fit^^f 
Thoae  objecta  whidi  afipeer  w  ufe  ui<jM*.  iiiiiuv««uu^^  ti# 
moimtain,  the  ocean,  and  the  lake,  ar«  wturlif <r  it-  «i)iv> ,  lo'Mi- 
a  Telocity  ten  tbnee  greaMr  tibai  a  «:aiMiui  ual,  uu*  viv.'i.  « 
It  the  aame  time  in  a  atate  of  relidi%-«  f  ««*  vo  tut  vti#9«r 

Let  na  euppoee  a  man  to  U;  ataucUmr  *^  ^  ^^MMii  tua*  «r 
Miling.  The  man  m  m  nskmm  nat  U/  tut  «««ms<,  inr  h-  ft^A. 
tire  motion  to  the  shore,  UseauM;  tua*  w  tii»  «,4AUit«t/i  </  tti* 
Tetsel  in  which  he  is  placed,  but  i<  um.  ta  waljr.tiMy  \n,  Vi^ 
stem  of  the  vessel,  vitb  ttA  wtiu<t:  t*;Av:i\%  ai-  U^  «t:is^f.  v 
moving  a  head,  and  Le  vUj  Xdsn.  *j^  it.  r»:dtlf«t  f^n*.  \^  Kt^ 
shore,  in  motion  as  rt^m^sk  to  tint  v*s«m^ 

Bat  in  wlaElerer  ataU;  a  \rjor  su»v  *^,  w  u  tiA  ttsnuA  ij! 
some  canse:  there  are  cauM^,  *xr,  a»  'jm-v  «••;  u^Ui«';  vv  puu^u 
sophers,  forces,  wfaicb  Vmc^  %.  xi^joy  «!  r»;tf*  <^  ^.m*:  it  tu</i«vi. 
To  ^^«TniTM>  the  nature  azio  Juufiueii'A  *A  i*jr*jst  u  tiA  jr^':tt*. 
object  of  pbrncc. 

llxie  leadk  wtVortmsurk  tjaas  waiOM.,  ycia^XiK!  a*.  f*;s*.  <jf  ii  u/^ 
tioD,  is  periecthr  yusiart:^  }j^infg  •rxrtL'*;;v  ^vvwtwsC  ♦^v  i'jf«j»^ 
and  tbu  pasarrcaeati  ik  cbjjbd  iu  xzieruL.   if  ixdovef  r^  iL  tu'^- 


INEBTU.   OF   HATTER — EQOILISBIDlf . 

tion  its  Stale  is  the  result  of  Home  force  whicli  is  or  has  been 
impreseed  upon  it,  and  it  wijl  for  ever  continue  in  mo 
unleas  Home  force  brings  it  to  reetj  and  when  at  rest  It 
remain  in  that  utate  unless  some  force,  greater  than,  that 
which  induces  rest,  set  it  in  motion. 

The  ancients  had  a  very  erroneous  idea  of  inertia.  They 
considered  matter  to  have  an  attachment  to  rest,  and  c 
pared  it  to  an  idle  man.  But  it  has  no  propenGitf  for  either 
rest  or  motion — it  is  entirely  controlled  by  forces.  When  a, 
body  is  set  in  motion  up  an  tnchned  plane,  it  continues  to 
roll  upwards  as  long  as  the  force  which  propelled  it  is  greater 
than  the  force  of  grarity  which  tends  to  bring  it  downwards. 
Now  the  matter  itself  is  inert  and  passive.  It  is  the  same 
with  our  earth ;  in  some  parts  of  her  orbit  she  revolves  with 
a  much  greater  velocity  than  in  other  parts .  but  this  inci 
of  velocity  is  not  fortuitous,  for,  by  a  knowledge  of  the 
forces  which  are  acting  upon  it,  we  are  able  to  calculate 
the  increase  or  decrease  of  motion  in  any  part  of  its  ' 
riodical  journey. 

A  body  ia  at  rest  when  in  equilibrium:  if  a  body  be  » 
pended  from  any  Used  point  by  a  thread  that  is  able  to  sustain 
its  weight,  it  will  be  in  equihbrium.  It  is  acted  upon  by  two 
forces,  one  which  is  represented  by  the  tension  of  the  thread, 
and  the  other,  the  force  of  gravitation ;  and  they,  acting  in 
opposite  directions,  keep  the  body  at  rest. 

Another  condition  of  equilibrium  is  where  the  forces  are 
destroyed  by  some  resistance.  The  largest  and  heaviest 
fishes  can  at  pleasure  keep  themselves  at  rest  in  any  part  of 
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dn  body  of  water  In  wlndi  lliej  iotf,  nmtiiig  the  fomt 
Alt  act  iq;Kni  them.  Emiy  tobetuiee  on  the  gor&ee  of 
Ab  midi^  or  above  it»  kattiactod  towardi  the  centre  bjr  a 
iRoe  cdled  oaATiTATfoir,  of  wfakh  ire  shall  preaentlj  tpeak ; 
but  ita  infioenoe  ia  -pnirented  by  renrtanoe,  and  relative  reat 
is  mnntained.  Tliia  condition  of  eqiulibriam  la,  however, 
oiilj  a  modKficatioo  of  Aat  already  apoken  of,  for  the  reaiat- 
mee  ia  in  fiwt  a  force. 

Sv  laaac  Newton  in  hia  prindpia  haa  pven  the  whole 
doctrine  of  inertia  npon  which  die  circiimatancea  of  motion 
(V  nat  mainlj  depend,  in  die  three  following  pfopoaitipoa :-» 

!•  Bvery  body  nmat  peraevere  in  ita  atate  of  roa^  or  of 
mnform  motion  in  a  atndglit  line,  nnkaa  it  be  compelled  to 
dumge  that  atate  by  foicea  impwaaed  upon  it.  Motion  ia 
aa  nataraOy  permanent  aa  reat,  and  a  body  in  motion  would 
oontimifi  in  motion  for  ever,  if  nothing  disturbed  ita  progreaa . 
Hie  two  causes  which  tend,  in  an  especial  degree,  to  destroy 
motion  are  friction  and  the  resistance  of  air.  How  greatly 
friction  retards  motion  is  seen  in  the  objects  which  are  daUy 
preaented  to  our  notice.  It  is  &r  more  difficult  for  horses  to 
draw  a  carriage  over  a  rough  than  over  a  smooth  road,  be- 
cause a  greater  Mction  is  produced.  For  the  same  reason,  a 
ban  win  ron  a  much  shorter  time  on  a  carpet  than  on  a 
sheet  of  ice. 

Two  windmin  vanes,  one  having  its  edge  in  the  direction 
of  its  motion,  and  the  other  opposed  to  it,  stop  at  very 
different  times,  although  the  same  force  may  be  comnmm- 
eated  to  each.  But  if  they  are  placed  under  the  receiver  of 
an  air  pomp,  and  the  air  be  exhausted,  they  wiU  go  for  a 
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much  longer  time,  and  will  atop  together, 
force  is  removed. 

3.  IDvery  change  of  motion  must  be  proportional  to  ^l"    j 
force  which  is  Lmpreaaed  upon  the  moving  body,  and  mual  ^ 


be  in  the  direction  of  that  straight  line  in  which  the  force  i 


3.  Action  most  alwap  be  equal  and  eontrary  to  reaction} 

or  the  actions  of  two  bodies  upon  each  other  must 
and  directed  towards  contrary  sidea. 

These  principles  heing  remembered,  the  reader,  hoi 
unacquainted  with  mechanical  science,  will  have  n 
in  following  us  through  our  future  enquiries. 


When  abody  receives  the  impulse  of  an  instantaneous  forwi 
it  moves,  by  virtue  of  its  inertia;  and  it  moven  in  a  rectili- 
near direction,  governed  altogether  by  the  force  which  has 
been  impressed  upon  it.  It  must  then  obey  tlie  first  law 
of  motion,  and  continue  to  move  in  the  same  straight  line  for 
ever,  unless  some  other  force  interfere,  and  by  its  superior 
power  compel  a  slate  of  rest.  There  are  many  reasons  whf  J 
bodies  moving  on  surfaces  are  neither  constant  in  their 
tion,  nor  always  rectilinear.  They  are  opposed  by  the  fc 
of  gravity  attracting  them  to  the  centre  of  the  earth,  by 
gularities  which  are  turning  them  from  their  direction, 
by  the  deadening  influence  of  friction. 

But  let  U8  suppose  a  body  having  traversed  a  certain 
to  eiperienee  a  new  impulse  in  a  different  direction. 


Pa,  P6.  Now  what  is  the  reGultant  of  these  two  forcH^ 
or  in  other  words,  what  single  force  would  have  the  same 
effect  upon  the  point !  Let  A  be  equal  to  three  ouncea,  and  B 
equal  to  five  ounces.  Then  take  a  length  I'm  on  Pa  equal  to 
the  numher  of  ounces  in  A,  for  instance  take  three  inches  for 
three  half  inclies,  and  on  P6  draw  Pm  equal  to  five  parts  friMB 
the  scale.  Nowletthese  twolineshepartaof  aparalleloptun; 
complete  the  figure,  and  draw  the  diagonal  Po. 
acting  in  the  direction  Vo,  and  having  the  same  ra 
A  and  fi,  have  to  the  hnes  Pm,  Pn,  will  be  the  resultanl, 
that  is,  the  force  which  wUl  be  equal  to  the  two  forces  A 
andB. 

To  prove  this,  place  a  wheel,  c,  in  Euch  a  [ 
when  a  string  attached  to  B  is  stretched  over  it,  it  may  be  9 
continuation  of  the  diagonal.  Suspend  from  this  line  a 
weight  having  the  same  proportion  to  A  and  B 
Pra  and  Pn.  Now  let  the  point  P,  which  we  have  hitherto 
supposed  to  he  fixed,  he  set  free,  and  it  will  remain  at  rest, 
showing  that  the  weight  c  neutralizes  the  inSuence  of  the  tv 
forces  A  and  B. 

These  demonstrations  will  make  it  unnecessary  for  us 
explain  the  manner  in  which  we  may  compound  a  forcet 
that  is,  determine  the  direction  and  intensity  of  any  two 
more  forces,  that  will  produce  the  satue  effect  aa  any  01 

It  would  not  be  diflicult  to  select  many  examples  of  the 
composition  of  motion.  There  are  indeed  but  few  instances 
in  which  we  can  trace  the  Existence  of  motioi 
force,  and  if  the  reader  wiL  take  the  trouble  to  reflect  upon 
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We  come  now  to  consider  a  force  which  has  an  i 
vental  influeDcc  upon  matter,  and  that  is  the  force  of 
gravity,  or  hb  it  is  sometimea  called  gravitation.  Every  par- 
ticle of  matter  has  an  attractive  influence  upon  every  otfaw 
particle,  and  it  is  on  this  account  t^at  bodies,  when  left,  to 
themaelves,  and  raised  to  on  elevation  above  the  surface  of 
the  earth,  fall  downwards  until  they  meet  with  some  surfiicc 
capable  of  supporting  them.  This  phenomeaon  is  witnessed 
as  far  above  and  beneath  the  surface  of  the  earth,  as  huB 
ingenuity  enables  man  to  perform  his  experiments.  I 
this  which  causes  the  rain  and  hail  to  descend,  and  wetei 
Mek  its  level.  If  ihia  force  had  no  eristence,  a  body  o' 
projected  from  the  surface  could  never  return  to  it,  but 
would  float  in  that  portion  of  the  atmosphere  in  which  the 
resisting  medium  destroyed  its  momentum;  or  if  it  paeeed 
the  limit  of  resistance,  would  continue  in  rectilinear  mot 
through  space.  But  it  is  evident  that  gravitation  is  nnii 
sal :  the  matter  of  the  earth  has  such  an  mfluence  upon  all 
projected  liodies,  that  their  line  of  direction  is  perpendicular 
to  its  surface  {  not  the  surface  as  it  is  with  all  its  mountaiiu 
and  inequalities,  but  as  it  would  be  if  the  ocean  were  carried 

Let  us,  for  the  sake  of  illuatrating  the  force  of  gravity, 
suppose  it  to  be  confined  to  the  earth.  Tlie  terrestrial  attrac- 
tion does  not,  it  may  be  supposed,  exert  the  same  influ- 
ence upon  all  bodies  j  and  in  proof  of  this  opinion  it  will 
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If  the  line  of  direction  of  falling  bodies  be  perpendii 
the  surface  of  the  earth,  and  if  the  earth  be  a  spherical '. 
no  two  substances  falling  downwards,  nor  any  two  boiScs 
Buspended  by  lines,  can  be,  strictly  apeaking,  parallel  to  each 
Other.  And  yet  if  we  take  two  plumb  lines  and  suspend 
them  from  points  a  few  feet  apart,  they  will  appear  to  be  per- 
fectly parallel.  But  this  is  easily  explained;  the  distance  be- 
tween two  observable  bodies  is  bo  small  in  proportion  to  the 
radius  of  the  earth,  that  the  bodies  must  appear  to  fall  in 
perpendicular  lines.  If  we  suppose  two  bodies  to  fall  upon 
a  sheet  of  water  twelve  hundred  feet  distant  from  each  other, 
the  inchnation  of  their  lines  of  direction  would  be  only  a  two 
hundred  and  fortieth  part  of  a  degree.  It  is  not  then  ais- 
gular  that  two  suspended  substances  sufficiently  near  to  be 
compared  should  be,  apparently,  perfectly  parallel. 

By  a  knowledge  of  the  fact  that  bodies  attract  each  other 
in  proportion  to  their  masses,  we  may  account  for  the  phe- 
nomenon that  all  substances  projected  into  the  atmosphere 
fell  towards  the  earth,  and  not  the  earth  towards  them.  If 
a  body  as  large  as  a  mountain  could  be  raised  to  the  veiy 
highest  stratum  of  the  atmosphere,  and  from  that  situation 
be  lefl  unsupported,  it  would  fall  to  the  earth,  and  the  earth 
would  scarcely  move ;  there  is  so  great  a  want  of  proportion 
between  the  masses  of  the  two  bodies. 

Gravitation  is  an  ejiample  of  what  is  called  a  centripetal, 
or  centre  seeking  force,  and  the  various  attractions  exhilnted 
by  bodies  under  different  chcumstances,  with  but  one  exce[>- 
tion,  are  of  the  same  nature.  The  general  laws  of  centripetal 
action  liave  been  already  stated  ;  that  the  mutual  attraction 
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nUema  bare  beoi  deter: 
vnaidered  aa  the  fcpundalioi.  «f  «i  M:t:«;«^   ^-ifuKMturL-i 
dodationa. 

By  the  ceuUipetal  actioc.  of  tM^  sui  upur  tu*  t«tti«<fi.-  u«c-; 
ie  reatrained  withiii  lliear  pnw*  Mmu'sifrte' .  ttii*  fc«(fM' 
le  aame  cmvea  for  af  r^  ttt^EefaM-r  vrsuivu  an;  MTUtfiui**  «*f. 
ion.    Tfaia  force  hocptt  vf*  to^  f:^muuuc.  tuvtivf  «riiicf   ma 
nt  imptvaaed  v^khd  thrww  fcvonrtii^'  M/i^^  i^.  ti*^  C^«aL4/' 
id  it  equaBy  govenv:    tif'^^  mr^xirui^    ;ji<bM«-     an'     tu-*- 
DaEeet  particlefe.  Ti»t  droj'/nu:  j',r?:j   ;.««^i*  iiil'-<  j2i'-»:/- 
r  shiqie  from  the  ^xntrtyetSi.  vrwM  */  i\.   parLi'-ic  au'   tt»c: 
Da  to  the  earth,  becsuuv^   uf  t2i<:  'j»rtnrnp^i^    iviv^  o*  vnx 

Sr  Isaac  XeiPtOE  iiai-  ILuinraiet  m*-  fjfjrirtu^  vi  rurs-ihnva' 
otkm  by  ctnudderiD^  tin:  «tai«:  u5 1  eir^,  wnjri<(-  ttjuur  a 
aling.  "Wc  olM*er^'t  ii.  itw-  '^iPtrimt^ir.  taa'  tii*.  tfioii* 
ikee  an  inceaaant  efft/r:  to  fiv  out  of  tu^  i^liii^'  t^u'  ^"^  ^*-' 
vxied  ae  long  at  the  vtriiij^  of  ti«r  wni^  i^  i^^i^-  ^^j  tiji: 
nd-  Xow  the  stnng  reprwseriu  tiit  cemri^^eia-  force,  tii-. 
aie  the  rerol^w  body     Tbt  endeavour  iviucii  it  ijaake> 

*  2 
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to  leave  the  Htring  is  called  the  centrifugal  force,  and  it  ig 
erident  that  the  compositioD  of  the  centripetal  and  centnfa- 
gal  forces  exerted  uniformly  for  any  length  of  time,  produces 
the  rotation  of  the  body  round  the  hand  which  detains  it, 
We  muiit,  however,  perceive  that  something  is  necessary  in 
the  first  instance  lo  develop  the  centrifugal  force.  The 
Btring  may  he  attached  to  the  sling,  and  the  sling  may  be 
Bupported,  but  it  is  necessary  that  some  impulse  should  be 
given  before  the  sUng  will  revolve,  llie  hand  commences 
the  operation  by  a  sudden  effort,  and  that  effort  is  called  the 
projectile  force. 

The  centrifugal  force  depends  conjointly  upon  the  vdod^ 
of  the  body,  and  the  curvature  of  its  path.  If  any  bodf 
move  in  a  curve  it  will,  as  we  may  see  in  the  case  of  the 
sling,  fly  off  in  a  straight  line  as  soon  as  the  centripetal  force 
is  taken  away. 

The  primary  cause  of  planetary  motion  was  a  projectile 
force  impressed  on  the  bodies  by  the  Creator.  The  motion 
is  perpetuated  by  the  attracdon  which  restrains  them  in  tiuir 
orbits,  and  neutralizes  the  centrifiigal  force.  We  have 
already  stated  that  a  body  acted  upon  by  two  forces,  in  dif- 
ferent directions,  has  a  motion  compounded  of  both.  In 
the  same  manner  a  curvihnear  motion  is  produced  by  the 
united  action  of  a  centripetal  and  projectile  force.  Curves 
themselves,  as  geometricians  have  shewn,  may  be  considered 
as  nothmg  more  than  an  assemblage  of  minute  straight  lines 
of  small  magnitude,  and  arranged  after  each  ottier  according 
to  a  law  which  varies  in  each  cur\'e. 

It  lias  been  proved  by  astronomers  that  the  earth  has  a 
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possible  to  have  a  seriea  of  pullies  a 

the  equator  to  the  poles,  and  over  these  let  BtiingB  f 

tended  with  equal  weights  y  and  x  attached  to  each.  end.  " 

these  two  weights  exactly  counterpoiaed  each  other,  a 

part  of  the  earth's  surface,  that  is,  were  precisely  the  h 

the  one  over  the  pole  would  he  one  pan 

that  at  the  equator,  supposing  the  string  to  have  no  weight. 

It  may  not,  however,  be  readily  suggested  to  the  reader, 
by  what  means  we  can  measure  the  difference  of  weights  in 
any  body  at  different  places.  When  we  weigh  any  substance 
we  only  counterpoise  it  with  some  other  substauce  of  known 
value,  and  if  an  alteration  of  weight  be  produced  upon  one, 
it  will  be  to  an  equal  amount  upon  ihe  other. 

Tlie  nbrations  of  the  pendulum  offer  a  ready  means  of 
determining  the  alteration  of  weight.  It  is  found  that  if  & 
pendulum  be  made  to  vibrate  at  different  places,  and  if  the 
number  of  oscillations  in  any  period  of  time  be  coimted,  the 
intensities  will  be  as  the  squares  of  the  number  of  vibrations. 
This,  however,  is  not  to  be  entirely  attributed  to  the  centri- 
fugal force; — it  arises  in  part  from  the  elliptical  ligure  of 
the  earth. 

The  observations  of  a  celebrated  French  philosopher,  on 
weight,  may  be  appropriately  introduced  in  this  place.  It  is 
important,  he  says,  in  civil  and  commercial  relations  that  Ihe 
set  weights  which  are  used  should  always  be  the  same,  or 
at  least  that  they  should  every  where  have  a  known  and  in- 
variable relation  to  some  determined  weight  aa  unity.  It  is 
also  important  to  science,  that  the  unit  of  weight  should  not 
be  lost :  we  should  be  provided  with  a  means  by  which  we 
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[■  and  the  other  half  in  its  descent.     Hia  pupil,  Tonicelli,  e: 

I  tended  this  obBervation  to  some  other  cases. 

But  when  artiller)'men  put  thia  theory  into  practice,  they 

I  (bund  go  many  unaccountable  exceptions  to  it,  that  not  only 
1  tiring  bomha,  but  also  heavy  shot,  it  led  them  i: 
most  erroneous  results.  A  ball  fired  out  of  a  field-piece 
with  half  its  weight  of  powder,  and  which  according  to  tlus 
theory  ought  to  have  been  carried  six  miles,  did  not  reach 
quite  so  far  as  half  that  distance. 

Those  who  have  stood  at  the  breech  of  a  piece  of  ord- 
nance, and  observed  the  path  of  the  shot  when  fired  at  sea, 
wUI  be  aware  of  one  circumstance  which  GaUleo  did  not  take 
into  account  Tlie  shot,  when  dischargeil,  ricochets  along 
the  surface  of  the  water;  that  is,  alternately  strikes  the 
water  and  rises  into  the  air  at  the  distance  of  every  few 
hundred  yards.  For  instance,  if  it  be  fired  from  a  short 
cannonade,  it  wiU,  upon  patting  from  the  piece,  rise  instantty 
into  the  air  j  then  descending  splash  the  water  in  every 
direction  and  mount  up  ag^n.  The  whistling  sound  pro- 
duced during  its  passage,  arises  &om  the  resistance  of  the 
air  1  and  the  variation  in  the  path  itself  is  produced  by  the 


As  the  makers  of  cannon  shot  are  not  careful  to  have 
them  exactly  spheroidal,  the  inequalities  of  their  surface  is 
"  another  cause  of  error.  The  surface  of  the  small  shot  need 
by  sportsmen  are,  on  the  other  hand,  without  irregularity, 
manner  in  which  this  advantage  is  secured  is  highly 
ingenious.  It  is  eajd  that  a  Mr.  Watt,  a  native  of  Bristol  | 
and  a  plumber  by  trade,  had  a  dream  in  which  he  saw 


ihak  contnranec  •A  pcnoK  soocvc  tioim  mxc  or  liif 
top  of  a  lugh  tower  witfa.  a.  lie**  tl  mt  isnc.  md  &  kdji  iif 
ffldted  lead  in  the  other :  the  jbu  wm  iipiirpc  nm*  xtxt  furtt . 
ildch  be  shook  ▼ioIcmiT'.  sbc  ^se  hrrmd  siral  iel  m  drini» 
fike  nin  to  the  floor  of  the  «7wer:  bic  m  2t»  &I  xi  bad  rm^ 
Tend  its  8ofi£fied  state. 

The  imaginarj  peiaoo  dva  dcBRsidrd  from  thr  tnvrr. 
md  ezammed  some  of  die  ihoc ;  and  azDonir  them  Wan  sav 
sereral  that  were  not  cither  peilcrLlT  round,  or  had  tul»  io 
them.  To  sepazate  these  from  the  otheni.  the  man  mDinrd 
the  shot  to  an  inchned  pfame;  dnae  thai  wtxt  rmmd  ran 
down  the  phmk,  while  those  thai  were  nus-shapen  wn^led 
o?er  the  side.  A  peifect  sepamkm  wae  thus  rflerted.  llus 
was  a  lucky  dream  for  Watt,  as  he  sold  his  patent  for 
10,0002. :  and  a  sbnilar  method  is  still  emplored  by  manu- 
furtnrers ;  and  thus  an  error  of  some  im}Kirtance  in  the  con- 
struction of  balls  is  entirely  prevented  in  8hot. 

Another  circumstance  that  deranjores  the  motions  of  pro- 
jectiles is,  that,  after  a  cannon  has  been  fired  several  times 
in  succession,  it  becomes  very  much  heated.  During  the 
late  wars,  this  was  exceedingly  injurious  to  the  French  artil- 
lery ;  for  many  of  their  guns,  which  were  made  of  bronze, 
absolutely  melted  at  the  muzzle.  Now  it  is  well  kno^t'n,  that, 
when  a  solid  body  is  heated,  its  elasticity  is  partly  destroyed; 
and  therefore,  if  a  ball  is  fired  out  of  a  heated  gun  the 
elasticity  of  the  gun  being  diminished,  the  shot  will  not 
go  so  far  as  it  would  otherwise  have  done. 

The  greater  part  of  the  military  projectiles,  at  the  time  of 
their  discharge,  acquire  a  whirling  motion  round  their  axes. 


^^^^Harhich  arises  from  the  friction  exerted  between  them  ai 
^^^^HiliterioT  of  the  gun.     This  motion  causes  them  ti 
^^^^B  ur  in  a  manner  different  from  that  which  they  would  i 
^^^^^■tiie  modon  were  Eimpl;  fonvardj  for  the  reaiBtance  of  \d 
^^^^Bair  is  not  opposed  to  the  direct  path  of  the  body,  and  it  a 
^^^^V  sequent!;  forces  it  from  the  direction  it  would  aHitr 
^^^^M  take ;  bo  that  the  distance  a  ball  will  fly  at  any  given  b 
^^^^V  tioD  is  not  a  just  estimate  of  its  velocity. 
^^^^V        The  same  piece  fixed  at  the  same  elevation,  with  baH,  1 
^^^^K     powder,  and  every  circumstance  as  similar  as  possible,  wiQ  ■ 
^^^^      give  very  different  distances  at  different  tames.    Although  1 
science  has  offered  but  little  assistance  in  many  parts  of  gtm-   | 
nery,  it  hna  in  thia  insta:ice  found  a  com|>lete  remedy  ii 
rifle-barrelled  guns.     These  pieces  hai-e  the  inside  of  theb 
barrels  cut  with  a  spiral  channel  Uke  a  screw,  only  varying 
I  irom  the  screw  in  the  particular  that  its  thread  approache* 

^^^^^    to  a  right  line ;  for  it  takes  little  more  than  o 
^^^^B  whole  length  of  the  barrel.      When  the  piece  is  fired,  the 
^^^^P   indented  zone  of  the  bullet  follows  the  sweep  of  the  s 
I  and  therefore  gains  an  invariable  circular  motion  round  the 

axis  of  the  piece  in  addition  to  the  progreaaive  motion  which 
is  given  to  it  by  the  gunjiowder.  By  this  whirling  motion 
on  its  axis,  the  aberration  of  the  bullet,  which  is  so  preju- 
dicial in  gunnery,  ia  totally  prevented;  and  as  the  bullet  is 
subjected  to  the  force  of  the  gunpowder  for  a  longer  ti 
L  and  quits  the  piece  with  more  difficulty,  rifie-barrel  gone 
I  carry  to  a  much  greater  distance  than  common  ones. 

The  compression  of  air  produced  by  the  velocity  of  the 
projectile  is  also  another  deranging  cause.    If  we  suppose  a 
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bin  to  be  projected  at  the  nk  i£  'an  titmrnoMr  m  s  » 
{  eond,  wluch  is  perliaps  a  fv  wnwy  r  vril  un*-  ^  << 
1  prewure  of  more  daa  ok  juoium  Vf:g3r  vyui 
iqoareinch  of  its  seelioa:  md  £  -am  m  tir  va 
oftheball,  it  most  leave  araiciiinL  utamit  r  «^  x  *  ^^.1 
known  as  a  fiict  in  pocnsBQex.  'luc  ar  tsmir  -nMi  nz«*  « 
▼(nd  with  a  yelodty  at  a^  wruroine  n  *nn  iummoA  W? 
in  a  lecond.    Tlie  immi'i  fxcriBst  vtuur  Uf  mmmn    •#' 

)    the  ban  must  timcivre  Vt  -nrj  cnac 

In  the  militarjr  wthnrm  ^  f^uuat.  x  m  iPiiiiiiiT  \um  tir 
path  of  a  shot  or  a  ^«i&  vwui  k  i  larin/ua.  «?r.  w  'i«ut«» 
the  distmlimg  eaoKs ;  Vbe;  micer  «EMiiur  "rrrmwcaorw.  t 
ii  neitfaer  a  psraboh  wm  imj  vhtx  Tsfsiar  itfTin*  Id^iUn 
mathwuatiuans  ban  prvM,  iuc  "ae  cna&^r  tm^B  i/*  < 

'    thot  is  when  die  pieee  it  eipiaant  i^  ia  loaut  ^  ^   int  n 

!     pnctice  tfaer  aanie  x  jbxwJl  \gsm  isu^.      .ij:i«vi«!x  lii»  lu 
flnenoe  of  the  catsana^  ^uxmbi  **»  is:**  ty^vavx^^  m  -.t- 

I     great,  yet  a  shot  </  mcj-ivir  ymm'jt  nor  v  vrvrs^i^  ^nt 
of  a  «iwM«  vim  a  nc£  '.^  T^tf>sr)  «K*«;uu4r  *<«'V  iwu^nif 

!     feet  in  a  secoDd. 

I 

The  velodtT  rf  a  yr",«i55i>  -r-IL  »  siupc  i^  *r.>Wi^.   :#» 

The  greater  tte  yarCT^  -^  v'-nr-i^r,  "si*  jr^awr  ▼'..1  *^  -.u* 

to  girt  tbe  zaZ  'S*  rr%acaH:  vvtMhu*  -'vsj'zr^ .  jo. 
the  oonxrarr,  ther  ffSDoaH-r  'ssarar^  -vxa.  i  «ziaJ.  vjcicrr  -^ 
powder,  redcoaav  ont-sxcL  :be  vstfrc  '.f  *..ie  vC  5'jr  ieiii 
pieces,  and  Goe-ourd  &ir  '■aaagrag  paiat.     Wrjoi  ':u 
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in  breach,  the  French  artillery  will  sometimes  charge  with 
half  the  weight  of  the  ball,  as  they  did  in  the  recent  siege  ol 
Antwerp.  But  in  firing  with  grape,  or  from  ricochet  batteries, 
they  use  low  charges  of  powder;  in  the  latter  case  just 
enough  to  throw  the  ball  over  the  enemy's  parapet,  that 
it  may  go  rolling  and  bounding  along,  dismounting  the  guns, 
and  killing  the  men. 

An  increased  velocity  is  given  by  lengthening  the  barrel 
within  certain  limits ;  but  the  velocity  does  not  at  all  depend 
upon  the  weight  of  the  gun  that  discharges  it. 


ACCELERATED  MOTION. 

When  a  body  is  put  in  motion,  and  the  force  is  continued 
accelerated  motion  is  evidently  produced.  A  heavy  bod) 
falling  from  a  height  above  the  surface  of  the  earth,  in- 
creases its  velocity  as  it  approaches  the  planet.  A  buUei 
may  be  thrown  into  the  air  by  the  force  of  the  arm,  and  hi 
caught  in  the  hand  as  it  falls :  but  if  it  were  projected  b] 
a  musket,  it  would  be  impossible  to  do  this ;  for  its  velocic] 
would  be  increased  in  consequence  of  the  greater  spao 
through  which  it  would  fall. 

When  a  body  is  put  in  motion  by  any  force,  the  sam* 
motion  must  be  continued  for  ever  if  uninfluenced  by  an; 
other  force :  but  if,  after  a  certain  interval  of  time,  an  equa 
force  be  impressed  upon  it,  the  motion  wiU  be  doubled ; — i 
after  another  interval,  the  force  be  again  impressed,  the  mo 
tion  will  be  tripled.    Now  the  force  of  gravitation  actin| 
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I.  The  fiivt Inr to  v^Ki  ««:  MiLabiMfct  m.  Udii  tiit  w««c 
rity  inriTMf  finmriiiiiMrn  ■■!■  tartiflit. 

Let  OS  wfjw  a  imdr  ^  ut  titfut  imfwiitti-  u.  iali«ii|L'  h. 
the  gnmnd;  4e  fonft  ef  |nvm'  «iL  jReuenM:  ti*«r  4iwi«*: 
qumiity  of  mataon  at  <vqy  nueoMMW:  }«rMKi  of  lu-  Udveeo'. 
At  the  IwyiiiiHg  flf  Urn:  mutumd  nad  tLurd  iierjud.  it  wH. 
eurt  die  nme  iane  w  it  did  «t  the  Uynntiy  of  tue  tint . 
but  after  ti»  bodr  lae  been  noriii^  one  Mfcaod,  ii  will  iutv*: 
gamed  a  eotsai  Tidodfy  wiadi  suut  iie  addfid  vu  the  vek>- 
dtj  laodiKed  bj  Ibe  attnetioD  of  i^iavitatiuii,  and  it  will 
gbellieTfliodlj  ii  Iht  aeegnd  pehod  wiiicb  i^duiiUetku 
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of  the  first ;  and  on  the  same  principle  the  velocity  in 
third  period  will  be  three  times  that  of  the  first.     The  » 
city  of  a  Mling  body  therefore  increases  proportionally  w 
the  time ;  or  in  other  words,  a  falling  body  lias  a  uniformll 
accelerated  motion.  I 

2.  The  space  tlirough  which  a  body  falls  increases  prop<* 
tionaUy  with  the  square  of  the  time.  ' 

This  law  is  easily  understood.  A  body  falls  through  I 
certain  space  in  one  second,  through  four  times  that  span 
in  two  seconds,  through  nine  times  in  three  seconds,  and  H 
on.  It  is  therefore  only  necessary  to  know  what  space  I 
body  falls  through  in  the  first  second,  and  we  may  easil] 
determine  the  space  through  which  it  will  fall  in  any  pvex 


E  what  relation  there  is  between  thj 
■paces  through  which  a  body  falls  in  several  successiTe  p^ 
nods.  If  we  Buppose  the  space  moved  through  in  the  firrf 
second  to  be  equal  to  one,  that  in  the  first  two  will  be  fou^ 
the  first  three  nine,  the  first  four  sixteen,  and  so  on.  Sub- 
tract one  from  four  and  the  remainder  three  will  be  the  spad 
moved  through  in  the  second  period ;  and  foru"  from  nine  wiB 
(^ve  five,  the  space  passed  through  in  the  third  period.  Ill 
this  way  we  may  estimate  the  actual  motion  at  any  momeol 
during  the  fall  j  and  as  a  body  falls  through  sixteen  feet  in 
the  first  second  when  acted  upon  by  gravitation  only,  thl 
apace  passed  through  during  any  period  and  at  any  tinu 
may  be  determined.  "i 

These  laws  may  be  exhibited  experimentally,  but  notwitlu 
out  the  aid  of  a  mechanical  contrivance.     It  would  be  per- 
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ifrty  Vtp*>— JKU  to  IDiuteate 
faetobMorvvlum  on 
BftMH  &ei  in  the  fin* 

fioar  woofiids.    'Riww* 

18  mnch  too  dioft  to  tfiait  4# 
And  m  addxdcm  to  dns  dbffletiMi  it 
tbttcmarditliecndof  dw  hMlhtln/ijf 

dtyof  130  feet  in  s 
The  iDBtniiiieat  bj 

Twtod  in  Ihe  leet  ceatBiy  if  Mfc  Jl^*i<  «rf  * 

AttwoocPs  Madnne.    Tk  tfiyort  k  ti^VMii 

teedentod  moiipn  dtm^M  ifiwili  ffae  ii 

ntdy  "    ^ 

A  vhed  is  eo  iiaA  « ileaiii  oitf» 

I    tkm.  Oreragroo««lbnMdiiiife<aR3aBfa!Wi»4^4i» 
'    afliIkeneoidie]ilecedy  etdKcndii/^raid.  i»wAidU,  tr^ 
!    Imden  of  equal  vcig^   The  wrm^meat  jut  Huul  »  wyiu 
t     fibnoiiiyfiDr  liie  ««i|^at4iBetnd4(f^  vtrc  U««M»1^ 
attheodier.    To  pwrface  awiaciy  a <mmI  a jjw j  *'q<jflc  i> 
'     mathed  to  cut  tjimdttr,  vlfldi  MKirty  Vti|g»  tv  otA'Jinft 
)    aaicriubtolhelawwt  wghanfc  Klritf^iii  S»  «yhim  it  wwti 
«iiiM»wA*^<i  Trioritiri  aod  ipecce  m  prrt  it  imr  ^fp^^MWaity 
for  apcrimeaL  Bdnid  die  ifcenriiiiy  'voiptft*  ^  jp»diiid«c 
fertkad  shaft  ie  flaeed,  aod  a  ila^^  to  rMsnre  Uie  v«uflK9u&» 
,    {yHuA  maj  be  aborted  at  fleme;  benndL    A  yfoa^ai^msu 
I     wiihanaiifildebeitkaleoattKiiedtolheiiMinBBeat. 
^       Suppoee  k  wgpe  leqpmed  to  faoiie  that  the  i|tt« 


piopoitioaallj  with  die  eqoaie  of  die  tame.    The  wdjjdait 
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THB   PENDULUM. 


may  be  so  adjusted  that  they  shall  fall  through  one  inch 
the  first  second,  and  they  will  then  pass  through  four  in 
seconds,  nine  in  three,  sixteen  in  four,  and  so  on. 


■4 


THE  PENDULUM. 


The  common  pendulum  is  a  heavy  ball  attached  to  a  sliglf 

cord  or  wire,  so  formed  that  it  may  be  suspended  to  son]| 

fixed  point.    This  instrument,  simple  as  it  is,  has  been  em* 

ployed  to  determine  the  direction  of  the  force  of  gravity,  and 

Fig.  4.  is  still  used  for  the  measuremenl 

of  time.  If  we"  place  the  pendu- 
lum PB,  fig.  4,  in  any  positioc 
out  of  the  perpendicular,  PA  foi 
instance,  and  let  it  fall  freely,  i| 
will  descend  to  B,  and,  passing 
this  point,  ascend  on  the  othei 
side  to  C,  describing  an  arc  AC ; 
it  will  then  begin  to  descend,  and^ 
passing  B,  ascend  again  to  A. 
It  is  scarcely  necessary  to  explain  the  cause  of  this  motion  j 
for  it  is  evident  that  when  the  pendulum  descends,  its  velo- 
city increases  till  it  reaches  B,  and  the  accelerated  motion 
thus  obtained  is  sufficient  to  carry  it  upwards  to  C.  Gravity 
therefore  is  the  governing  force  in  the  vibration  of  the  pen- 
dulum, and  in  theory  it  may  be  considered  a  perpetual 
motion.  But  there  are  two  causes  which  tend  to  destroy  the 
motion,  and  act  effectually  upon  it :  these  are  the  resistance 
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OSCILLATIONS   I80CBR0N0US.  81 

the  air,  and  the  fHction  of  the  suspending  line  upon  the 
bt  of  suspension. 

The  pendulum  employed  for  philosophical  purposes  con- 
of  a  metallic  weight,  usually  a  heavy  disc,  so  shar]) 
n  its  circumference  that  the  resistance  of  the  air  can 
lye  little  effect  upon  it.    The  fine  wire  which  supfjorts  it 
attached  to  a  piece  of  sharp  steel,  or  to  a  knife-bhule  which 
on  planes  of  polished  agate :  with  these  precautions  a 
ulum,  notwithstanding  the  resistance  of  the  sur  and  the 
iction  at  the  point  of  suspension,  will  vibrate  for  many  hours. 
The  time  occupied  in  an  oscillation  is  the  same,  whatever 
ib  extent,  when  not  very  considerable ;  or,  in  other  words, 
fte  vibrations  are  isochronous.    This  property  was  disco- 
vered by  the  celebrated  Galileo,  the  philosopher  who  im- 
proved the  telescope,  discovered  the  satellites  of  Jupiter, 
and  did  more  than  any  of  his  contemporaries  in  extendinf( 
the  boundaries  of  science,  and  in  making  it  availalile  tr^  all 
classes  of  society.  He  was  attending  one  evening  the  «er\'icf' 
at  the  church  of  Pisa,  and  after  the  great  chandelier  was  lighterl 
Up,  it  was  left  swinging :  this  attracted  the  attention  of  the 
young  philosopher,  and  he  observed  that  the  nbrations  were 
isochronous,  that  is,  they  were  performed  in  equal  times. 
By  the  obser\'ations  he  afterwards  made  on  nbrating  l>oflies, 
he  established  the  truth  of  this  ob8er\'ation,  and  introducerl 
the  pendulum  as  a  means  of  regulating  an  instrument  for 
the  measurement  of  time.    The  reader  may  easily  prove  the 
truth  of  this  law,  if  he  pleases,  by  counting:  the  oscillations 
of  a  vibrating  body ;  and  he  will  find,  that  whether  the  pen- 
dulum is  vibrating  in  an  arc  of  four  or  five  degrees,  or  in 
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one  of  a  tenth  of  a  degree,  an  equal  time  is  required  1^ 
furm  the  oecillation. 

Another  important  principle  in  relation  to  t] 
b,  that  the  time  occupied  in  an  oscillation  is  n 
on  the  weight  of  the  ball,  the  substance  of  which  it  is  made, 
or  its  shape,  except  ao  far  aa  regards  the  resiatance  of  the 
air.  This  fact  is  easily  demonstrated;  for  if  we  take  balls 
of  different  substances  and  sizes,  being  careful  that  tfie  pen- 
dulums he  of  equal  length,  and  cause  them  to  vibrate 
together,  it  will  be  seen  that  the  time  occupied  in  a  vibra^ 
lion  by  each  is  the  same.  Gravity  in  its  action  upon  a  pen- 
dulum causing  it  to  oscillate,  exerts  its  iniiueuce  upon  each 
atom  of  the  matter  which  composes  the  ball ;  and  therefore  a 
single  atom  suspended  at  the  end  of  a  thread  would  oedDate 
with  the  same  velocity  as  any  number  of  atoms  combined 
together  in  a  body.  So  also  an  atom  of  iron  would  vibrate 
with  the  same  velocity  as  an  atom  of  platinum  or  of  gold; 
aince  aU  masses^  whatever  their  nature,  oscillate  in  the  samt 
arc  with  the  same  velocity.  These  observations  wiD  tend  tc 
illustrate  the  principle,  that  gravity  acts  in  the  same  mannei 
upon  all  bodies. 

It  may  also  be  mentioned,  as  a  third  iuiportant  law,  that 
the  time  of  the  oscillations  is  as  the  square  root  of  the  length 
of  the  pendulum.  If  we  lake  three  pendulums,  whose 
lengths  are  as  one,  four,  and  nine  feet  respectively,  the 
required  for  the  oscillation  of  the  second  wiU  he  Iwic 
long  BE  that  of  the  first,  and  the  time  of  the  oscillatjons  of 
the  third  wUl  be  three  times  that  of  the  first,  because  1 ,  2,  3 
the  square  roots  of  1,  4,  and  9,  respectively. 
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As  the  oecillatioiia  of  ft  pcaAoinm.  yk»  wh:  j.   iriir^. 

certain  length  is  required  noe  x  aar   i#sai-  lir-juua  i 

odur  wordBy  yibrate  sssr  UBnr  a.  t.  mmai^      '*.  »»•  vr.i^ 

required  in  the  hliiwir  of  Lukhh   »  «   ji^rLr   i^;^-   Vt^r 

diirtf-nine  inches;  bat  a  pHsauhiB.  tur  «r«^.^.  .^s^  k-..*^.. 

^    in  London  would  00c  do  iiu  a  licat    7  i#»  ^-.m^  >  ^.^^aa-  L.itf> 

tpon  the  pendnlmii  in  titt  JHOkC  if  ^\<U2«'   :•■  3'  li^t*.  ,>r-' 

fint  induced  phiViwujiMf*  »  oimir  vrurtur-  ii«-   ^^on.    •• » 

pofectly  spherical,  sad  tut  uscuiieix:  ts^  »is/-.>  .M»r^   u^r- 

to  determine  tins  iBBfMiaK  imnMcn.     «k.    tLu^ia^  i^uu' 

dat  the  pendnhnn  «f  iw  ciusk  sunvc  a  «  r«^  ^'  :.-    ^' 

ft-dij  less  than  it  oog^  s*  st^inuaisc  tf;  tu^  HKSti  u/i/Li^  -.' 

the  sun ;  and,  to  oDia|iaDiBe  fuf  1jb«  <rrv  ir  tt^iv  ivu^:  Jr 

to  ihorten  Us  prndunmi  ubkv-  uut^-emrwuti   uf  «t   ni'.i    •• 

Older  tiiat  it  ni^t  imiirf  yJurataiBi;  «i|ijft  u   tuuvc  i*  u^isv 

It  Fuis.     Thie  pfacuosueiKfL  «  uku*   ^v.-^uu^ct   ix     ;:;.. 

▼itjr  is  shrarc  accdrdcor  'U   tiit  ncirfr-      aut    lu^'fi.'.- 

douUe  mass  win  barf:  it  otniiijt:  axacb^uvn.  aui  c  if^L^jr  i:>v 

1  tfaree-lbld  attzaciKaL    Ntiv  r  *  iuuuc.   :ua:  «.  'jc^^ui  ;/r:. 

dnlnm  viH  beat  vnscumok  a:  mt  puin  tif  :ii»  «^ti  .  I'j    ; 

mske  the  same  pendiuuxt  if«c  at^L-uuur  a:  iik  ^.lua;.*' 

length  must  be  shared,  viucx.  it  t  prv^  lua:  :!it  a::rci'.".i.'! 

of  the  earth — that  ik,  ti*  curcv — it-  u-x.  'ui  tsLuit  u:  -r.rA 

placee.     A  pendmuzD  viu'ji.  imct  is:r:}   (><trr.-*jiiat>  il  \nf:  i:;. 

nnte  at  the  North  Pcik,  wiL  no:  'mssc  m;  xuarv  tllZle^  u:  v^ 


All  the  lave  cf  vhicc  ire  bare  tiwi.  isvfs&kixir  &rt  vmv 
independait  of  the  preaent  ixneutshr  cf  ir^rin' :  fiir  if  r:  > 

&  2 
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^^^H  force  were  a  hundred  times  greater  or  a  tiundred  times  leai 

^^^H  ^hh  it  is,  the  vibrations  would  Htill  be  iaochronouB,  and  tbc 

r  time  would  atill  have  the  same  relation  to  the- weight  and 

I  the  length  of  the  pendulum.    If  gravity  were  doubled  in 

^^^_  intensity,  the  velocity  of  all  falling  bodies  would  be  increased, 

^^^K  and  pendulums  would  make  their  vibrationB  quicker;  bd 

^^^H  the  tine  of  the  oscillations  would  still  be  ea  the  square  root) 

^^^^  of  the  length  of  the  pendulums.     If  gravity  were  to  cea« 
altogether,  bodies  would  cease  to  fall,  and  pendulums  would 

„  cease  to  oscillate,  except  by  their  acquired  velocities,  whicl 

^^^H  would  cause  them  to  continue  in  motion  until  the  vibiatioQi 

^^^H  were  destroyed  by  friction ;  but  there  would  be  no  reasor 

^^^B  why  the  pendulum  should  come  to  rest  in  a  direction  per- 

^^^H  pendicular  to  the  surface  of  the  earth. 

^^^H  AU  the  observations  which  have  been  made  concermng  thi 

^^^H  laws  by  which  the  vibrations  of  a  pendulum  are  regulated, 

^^^^1  have  reference  to  a  single  pendulum,  which  is  an  infiexibit 

^^^^1  thread  without  weight,  having  a  single  atom  of  matter  at' 

^^^H  tached.     It  must  be  evident,  that  all  the  pendulums  we  an 

^^^^B  accustomed  to  use  are  compound,  since  it  is  impossible  tt 

^^^H  fuliil  the  conditions  of  the  deRnition ;  and  it  is  therefore  ne- 

^^^H  cessary  to  consider  how  far  this  circumstance  would  influ- 

^^^H  ence  the  laws  we  have  mentioned  in  their  application  U 

^^^H  practical  purposes. 

^^^H  Let  us  take  as  simple  a  case  as  possible  of  a  compound 

^^^H  pendulum.     Let  us  suppose  that  we  can  obtain  one  thai 

^^^H  consists  of  an  infleiible  thread,  without  weight,  but  havinji 

^^^H  two  heavy  molecules  attached  to  it  at  difierent  d^md 
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J.   .  isDi 'flvponit  of  wuqrigmnfln.  ftf>  shAvn  in  the-  uihrkni 
J      ^[me.   TSie  molerule,  6  %.  5.  tmnf^  ai  ^  !(-»» iti^tam-i 
£nBm  liie  pamt  of  RURpenftian  tiuui  liu  moli^mh  H.  iia> 
■y  tn  Yibrate  with  frrtatfr  vi*lr»rit\  :   tun  »> 
jamed  ti^rether,  and  miiiti  ai«rilUii    nj   tin 
9i    WKMoe  tDBe,  'die  one  if  retard^,  anil  ttu  lUinT  h^  hcci- 
an  intermediate  velnrity  Imnf:  c*KUt»lii«)if*ii.  utiti 
IB  "flie  vdncitT  of  the  ramjmiind  |M*ndit)iiiii      Hm 
IB  alwayF  a  certain  point  in  tin-  iK^nduhim  whuh 
JB  nffiflifT  retarded  nor  accelerated,    and  iK^rfonnh  ith 
OKSktianB  aa  liioiigii  it  were  akme  fmeiy  >iitK|K*nded  irtnu 
diedirBBd;  and  that  point  is  called  the  centre  of  (wciWuium, 
ladilB  ilkitanrf  from  the  point  of  MMpenKion  i»  ridlmj  ih< 
k^^  of  liie  pendnhnn,  which  in  in  &rt  equal  t4>  the  U^UfitU 
of  a  onqple  pendnlam  that  would  oacillate  with  the  miix 
Tvlocily. 

The  remaricfi  which  have  been  made  \i\Hm  the  Minpioi 
of  compoiind    pendulums    are   true    in    rc'fc*reno(*    to    .-Wi 
others;  and  as  we  can  only  employ  these,  iherc>  are  cou 
siderable  difficulties  in  the  way  of  an  effort  t<>  dcienninr 
the  intensity  of  gravity  by  them.      It   is   not  oany  to  oh 
serve  with  accuracy  the  duration  of   an  osciUation,  oi  lo 
determine  with  exactness  the  lenfi^th  of  the  }H»n(luluin  ;  Init 
both  these  difficulties  have  been  overcome,  ami  the  problem 
has  been  frequently  solved,  first  by  l^)rcla,  in  l7lX\  «<  tlw 
observatory  of  Paris,  and  since  that  i)orio<l  by  many  MtiKli**!) 
and  continental  philosophers  in  \'aric)U8  {>artH  of  the  ^IoIm*. 
The  increase  or  decrease  of  temi)eratan^   ban  a  <*on»<i 
derable  influence  on  the  oscillations  of  a  pendulum.      A  bar 


of  metal,  which,  when  cold,  will  pass  easily  between  two 
uprights,  will  not  do  so  when  heated  red  hot,  for  heat  cti 
pands  soUd  metallic  bodies.  For  thii^  reason  a  pendulutq 
which  beats  seconda  in  a  low  temperature,  would  cease  to 
do  po  if  taken  into  a  hotter  climate ;  for  its  length  would  b« 
increaged.  This  is  a  fact  of  great  importance  in  horology, 
and  mechanics  have  invented  various  methods  of  compen. 
sating  for  this  alteration  in  the  length  of  the  pendulum, 
Bometimes  by  making  the  rod  of  the  pendulum  of  a  tub- 
stance  that  would  not  expand  appreciably  by  heat,  and  some- 
.  times  by  contrivances  that  correct  the  increase  of  lengtl 
that  resnltB  from  a  change  of  temperature.  The  length  of  I 
rod  of  dry  wood  is  not  altered  by  a  change  of  temperature  i 
and  it  would  be  the  best  possible  substance,  if  it  could  b« 
perfectly  protected  from  the  hygrometric  action  of  the  air. 
It  is,  however,  in  a  considerable  degree  defended  from  moiS' 
ture,  when  rubbed  over  with  bees'-was,  and  makes  the  most 
;e  pendulum  of  this  sort  when  thus  pre[>ared, 

)  best  compensation  pendulums  are  tbi 
mercurial  and  the  gridiron.  The  mercurial  penda 
lum,  Rg.  6,  consists  of  a  rod  of  brass,  or  other  metal, 
to  the  end  of  which  a  cyUndrical  vessel  containinf 
mercury  is  attached,  instead  of  a  ball.  The  same  ift 
crease  or  decrease  of  temperature  that  affects  tl« 
pendulum  rod  has  an  influence  upon  the  mercury  a 
the  vessel,  and  the  one  orre  ts  he  o  he  If  the  t« 
suffers  expansion,  the  ntr  of  dlation  will  rise, 
but  if  the  mercury  be  du  j  p  oportion  d  ts  expanuoi 
will  be  such,  that  the  distan  e  of  os  dla  on  f  om  the  point 
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i:  SEL  ~iii'  Tin.  31.1  ::j^:i:^  ::*i-  smrn:  iw.  injccnn*^  :i» 
i"lL»  cic't  aiiL  r  ;-  ::  ''ij— ■i!irni:»t  ir  iii:*:r  fjiin*:  m 
i:ui  viitfi    atiu'ii:iw    i;:-.:'    t?'-"    zna:  iiifn   jkisMs»  mi 

rsurr^  nif'iiiiur.-  in-"',  ar.fn::!!:-:..  f.i:  ibf  rrajvin!* 
ir  siiE-L  ". :  '-aii-^  iir  :'-'ii:ii..;uiL  1.  v.iiraU'  :n  this 
f:  ':»:r.  unii*^.  vrj.  ;rr-it  ■Jii:-:"r>» ,  f.r  •-.'  ft-w  of  the 
^'■*-  iLfiii'Laiitrf  ii:""':  i»t--'i  -•.•m  •'  -l.  uil:  j:  i*  DtK  proba- 


IXVTLI    :»    t  LEVITT. 

sTi  _t  L  Tiiiii::  iL  *^'*jrT  'imilr.  -wriaierer  mav  !>e  its  fonn, 
iL:'i_  r'  L  :.»r'."t  'vtTt  tierrfi  fuuij  to  the  sum  of  all  the 
f  =.:-rji.i:  :»-  -jt  :•  »z::i:  iit-r.:  ]iun^.  ::  wnulJ  Ije  in  «|ui. 

m-i*  I.L- *  ".eT'L  .■•i-'tr^rJ.  ::.a:  l»'»ijies  uill  not  rrrt 
cTezL'ly  "_:•- L  li;  :i::i.i.  A  ^j-irc  lil'ick  for  inKtanit  ih 
>riei  ~~-il  i-^'.--2T}-  -:»:'r.  -.'ne  i.if  its  edtres,  andifwt* 
dF-Licirfi—  vlLiiji:  ::  in  ihat  jNiMtion,  the  Klij^hleict 
ion  of  :r.c  ^ urfs-ie  ii.  w'ljch  it  Iv^ts  will  cause  it  U)  fall 
one  c:  ;ir  ^::lf^.  il  wh::'h  ]M»^ition  in  will  remain  quilt* 
;,  Tilt:  "ifofv  TrL.^  D<:-:  nrmly  supported  in  the  finst  in- 
e,  beCiTisr  '^e  cenire  of  gravity  was  not  KUHtained. 
e  equilibrlu:=i  of  any  body  restinj^  on  a  Kurfai:e.  or 
,  may  be  «wable,  instable,  or  neutral.  A  body  i8  always 
B  when  the  centre  of  gra^-ity  is  below  the  axis  of  the 
,  and  instable  when  it  is  above  the  axis.    If  a  hodv  iu 


ee 


the  other  part  of  the  instniment,  expands  the  rod  T,  G 

therefore  the  distance  between  G  and  T  ia  preserved. 
looking  at  the  instrument  generally,  we  observe  that  \ 
SF,  AC,  TG,  when  expanded  by  a  rise  of  temperature, 
would  tend  tu  increBHC  the  distance  between  S  and  G ;  that 
i«,  the  ]iuint  of  aUNpensiun  and  the  bob.  To  prevent  this, 
we  must  make  the  frame  c,  a,  b,  d  of  such  a  metal,  that  its 
expaneioti  upwards  may  exactly  neutralize  the  combined 
downward  expansiuns,  and  thus  the  distance  between  S  and 
G  will  be  preserved. 

We  have  hitherto  spoken  of  pendulums  as  nbiatiDg  in 
the  arc  of  a  circle,  but  there  ia  a  mathematical  curve  called  a 
cycloid,  and  if  the  bob  of  a  pendulum  could  be  made  to  vi- 
brate in  it,  its  oscillations  would  all  be  performed  in  equsd 
times,  whatever  the  length  of  the  arc. 

The  cycioid  is  tliat  curve  which  is  formed  by  the  revolu- 
tion of  any  point  on  the  circumference  of  a  circle,  the  drde 
itself  beiDg  made  to  revolve  on  a  plane.  There  are  e 
very  remarkable  principles  which  might  be  mentioned  ii 
ference  \a  this  curve.  Of  all  paths  not  in  a  straight  line,  the 
cycloid  ia  that  in  which  a  body  can  pass  the  most  readily 
from  one  point  to  another.  The  right  line  is  of 
shortest  path  between  two  bodies,  and  if  a  man  in  a  balloon 
could  throw  a  stone  to  some  point  on  earth  in  the  shortest 
path,  he  would  cause  it  take  the  direction  of  a  right  line,  but 
if  he  wished  to  throw  the  stone  in  the  line  of  shortest  descent, 
it  must  be  made  to  raove  in  the  eycloidal  curve,  for  it  would 
not  only  reach  its  destination  sooner,  but  would  strike  the  ob- 
^    ject  with  greater  energy.    The  study  of  the  mathematicB  has 
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ught  man  this  truth,  and  instinct  has  taught  the  falcons  to 
fin  this  curve ;  and  it  is  in  consequence  of  their  fl}ing  in 
cydoid  when  attacking  their  prey,  that  they  possess  so 
teat  a  Yekx^ty,  and  strike  with  so  great  a  fence. 
higenioi28  mechanics  have  attempted,  for  the  reasons 
leady  stated,  to  cause  the  pendulum  to  \ibrate  in  this 
arve ;  but  hitherto  with  Uttle  success ;  for  so  few  of  the 
nctical  difficulties  have  been  removed,  that  it  is  not  proba- 
te diis  desirable  object  will  e^'er  be  accomplished. 


CSNTBB   OP  GRAVITY. 

There  is  a  point  in  every  body,  whatever  may  be  its  form, 
Q  which,  if  a  force  were  exerted  equal  to  the  sum  of  all  the 
>rces  acting  on  the  component  parts,  it  would  be  in  equi- 
brio :  this  point  is  called  the  centre  of  gravity. 

It  must  have  been  observed,  that  bodies  will  not  rest 
idifferently  upon  any  point.  A  square  block  for  instance  is 
iipported  with  difficulty  upon  one  of  its  edges,  and  if  we 
tiould  succeed  in  placing  it  in  that  position,  the  slightest 
gitation  of  the  surface  on  which  it  rests  will  cause  it  to  fall 
pon  one  of  its  sides,  in  which  position  in  will  remain  quite 
table.  The  body  was  not  firmly  supported  in  the  first  in- 
tance,  because  the  centre  of  gravity  was  not  sustained. 

The  equilibrimn  of  any  body  resting  on  a  surface,  or 
obt,  may  be  stable,  instable,  or  neutral.  A  body  is  always 
table  when  the  centre  of  gravity  is  below  the  axis  of  the 
K)dy,  and  instable  when  it  is  above  the  axis.    If  a  body  in 


m 

equilibria  be  moved  trtan  one  position  to  another  without 
Btteinpting  to  return  to  any  particular  place,  it  is  said  to  hav« 
a  neutral  equilibrium.  This  is  the  case  with  a  perfect!; 
round  homogeneous  body :  it  may  be  placed  upon  any  p 
of  ita  surface  without  attempting  to  fliange  its  base. 

The  centre  of  gravity  of  some  bodies  may  be  very  readily 
determined.  Take  a  piece  of  card-board  and  ci 
shape  of  a  triangle.  Suspend  it  from  any  two  points  suc- 
cessively, and  each  time  mark  the  situation  of  the  vertical 
line  as  given  by  a  plummet.  The  point  where  these  lines  in- 
tersec  t  each  other  is  the  centre  of  gravity  i  and  each  line  ia 
called  a  line  of  the  direction  of  the  centre  of  gravity,  for  the 
centre  will  be  found  in  some  part  of  it. 

The  centre  of  gra^-ity  of  homogeneous  bodies  of  regnlor 
shapes  is  always  in  their  centres.  To  find  the  c 
grarity  of  a  parallelogram,  it  is  only  necessary  to  draw  two 
diagonal  tines,  and  each  diiides  the  tigure  into  two  equal 
parts.  The  point  of  their  intersection  is  the  centre  of  the 
figure,  and  the  centre  of  gravity. 

The   centre   of  gravity  of  cylinders  with  parallel  1; 
whether  hollow  or  sohd,  is  in  the  axis,  and  in  that  pait  of 
the  axis  which  would  be  cut  by  dividing  the  cyUnder  into 
two  equal  parts,    ITie  centre  of  gravity  of  a  body  is  n 
always  in  the  body.     In  the  instance  of  a  hollow  cylinder 
is  in  the  axis ;  and  in  a  circular  ring  in  the  centre  from  which 
the  circle  is  drawn. 

In  considering  the  eqiulibrium  of  a  body  o 
gravity,  it  is  usual  to  suppoi;e  it  perfectly  rigid,  having 
neither  elasticity  or  compressibility,  or  in  other  words,  that 


«e  in  s.  fllaOK  if  vnoouf  mmAtauir  ir.  veiii- 
■  to  each  otiier.  Bus  dnv  tt-  tut  rr  jot  Tfi^frw-  tttt  cmh 
[KiJti.llj'  R|pdiBr  hi iiwiipgiBf iiifr  tMT  0!  xroi  but  Ann  i^ 
Mre  ctf^  gnviCji  in.  tiu  rnumlr,  no*  vnia  r  k^  MuinortflC.  n 
It  porat»  k  win.  bani,.  lannHK  or.  vtt  eiamsm  .  tiK  caxtn 
ptnitf  wxQy  IK  cmneigBSBBs.  mc  aunvc  su  tar  «qiuIi- 
DB  be  dntrofoL     In:  HBmrr  tn^  mat   uc  dutroincnM.. 

IVe  haiv  apokiiB  4f  t^znK  rimrinww  of  rqimiiiniiii:  »  k- 
ting  from  tiie  augoiic^  ic  tut  cenxK  n:  invrin ;  «auiic 
table,  or  leli  if     Taiis  i  omikr  dixc.  «nL  xcsftdi  tr  s  4 
id  wUch  m  a&ir  os-  mMsmf  imerr  nrnnd.  end  mnr  W  pionpd 
iiijpaiilio&    Xw  ni  nrir  tiac  ^  iK^edk  iwT  W ni 
dfibrioBy  it  ■■Bl  he  jAbobc  n  %  hstf  of  ^if  cLovtiMm  flf 
I  teulie  oi  pxniT.     Wiaai  ir  v  is  tiif  Terunkl  hnc  bus 
pre  the  azie,  t^  HTtt'imw:  anentiax:  of  ikKitKiii  wiL  f!D- 
^  destroT  tbr  cigiiiiztviimL    Bu:  if  n  tft  ]uKn*d  IwxMai:^ 
i  axis,  it  mar  be  rcDkcvred  on  eniber  side  iif  utc  hikt^  ind  n 
1  qmcklf  regahi  23  pofiiaoxL     Ic  the  Uvxa/er  race  ^ire  barr 
inBtance  of  instabik.  in  tbe  latter  of  cttable  equilibnuni. 
k  body  is  in  a  suie  of  nentral  equililihom.  when  tbr  mttrr 
gravity  is  at  an  equal  distance  from  ereiy  pan  cd  tbe  aur« 
».    A  sphere,  if  formed  of  uniform  materials,  will  be  in  a 
te  of  neutral  equilibnum,  for  its  centre  of  grantr  would 
equally  distant  from  erezy  part  of  tbe  suiface,  and  tbere- 
e,  if  set  in  motion  tbe  centre  of  gjavity  will  be  alwa)*t 
rallel  to  the  plane  on  which  it  moves.     But  if  the  sphere 
composed  of  a  substance  of  unequal  density,  or  if  the 
itre  of  gravity  be  not  in  the  centre,  then  its  stable  equih- 
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brium  will  be  in  that  point  where  the  centre  is  nearer  to     ^ 
the  plane  on  which  it  rests.  i^ 

The  Btability  of  equilihrium  wUl  also  greatly  depend  on  the  ||| 
extent  of  base,  and  upon  the  position  of  the  perpendicular  U 
line  drawn  from  the  centre  of  gra\ity.  Aa  long  as  this  line 
falls  within  the  base  equilibriuin  will  be  maintained,  but  a 
soon  as  it  is  mthout,  the  equihbrimn  «ill  be  destroyed.  It 
mast,  therefore,  follow  that  the  greater  the  extent  of  the 
base,  the  more  the  centre  of  gravity  may  he  moved  without 
destroying  the  equihhriuin. 

Let  fig.  S  represent  a  tower :  a  is  the 
centre  of  gravity ;  o  o  ia  the  line  of 
direction,  and  it  falls  within  the  base : 
therefore  the  tower  is  in  equilibrium, 
because  the  centre  of  grarity  is  sup- 
ported. But  add  to  the  height  of  HiB 
tower,  so  that  b  may  be  the  centre  of 
gravity,  and  the  tower  must  neceBSarity 
fall. 

The  feats  of  rope  dancers  and  other  mountebanks  are 
performed  by  keeping  the  centre  of  gravity  within  a  small 
ba«e,  A  tree  is  supported  because  the  line  of  diredJon 
fails  within  the  extent  of  base  formed  by  its  roots;  bnt 
the  branches  will,  from  their  elasticity,  often  bend  with 
their  own  weight,  and  the  tree  in  consequence  be  placed  in 
a  state  of  such  instable  equihbrium  that  it  is  easily  uprooted 
I    by  a  violent  wind. 

When  a  body  ia  supported  on  two  or  more  points,  the  Kn« 
of  direction  must  fall  between  them.  A  carriage  for  instance. 
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tht  bar  of  dinetiaii  mufti 
or  "Ae  cqnflibiiiim  will  hr  dcwtnywl.  li 
^— aWiyly  AnipninB  to  load  a  coach,  or  a  waigton,  to  it 
t  ^Mwg^it^  £ir  iff  it  ^lonld  have  to  paar  ofvr  an}-  plan 
EC  &e  i^iBBfe  on  one  ode  are  much  ahorr  thoar  on  thi- 
c,  dK  Sne  of  tfr^K^t^nn  nuy  be  thrown  out  of  the  haar. 
Ae  ■  Ttr '  'fl|p  mooat  he  tumuiiiied. 
Ib  oBBttxe  of  gravity  in  the  human  body  i*  a)wa%ii  in  the- 
ii^  Vmaiiiiii  -die  Inp^  the  osn  pabia,  and  the  lowtv  part 
HshadLbone.  When  the  arnif>  or  le|n' m  thrown  up- 
ii^  Ishe  ocatfre  of  gimrity  is  shghth-  eWatt^d.  If  a  man 
ioafc  a  k^  "die  fine  of  directiab  ftik  iqion  hifi  f oA ;  a  nan 
LtwolqgahaBithBtweenhisfiBeL  It  in  hecanae  the  haar 
cger  m  tbe  latter  inatanne  than  in  the  former,  that  the 
fifannm  of  a  man  with  two  legs  in  more  ftahle  dun  thai 
man  with  one.  When  we  walk  the  line  of  din>ction  i^ 
wn  from  one  kg  to  the  other,  and  the  renliv  of  gra^it) 
aiaed  as  the  leg  is  elevated,  and  consequently  pa«MeK 
»iigh  a  gentle  undulation.  But  when  there  are  no  knee 
ts,  the  centre  of  gravity  is  more  ele%*ated,  and  dcMrihcs 
of  acirrle. 

tuadropeds  do  not  raise  either  |>air  of  legs  together,  dw 
centre  of  gravity  would  then  be  unsupi^orted,  and  the 
aal  would  hSL  By  raising  one  of  the  fn)nt,  and  one  of 
hind  legs  together,  the  centre  is  8up}M)rted,  and  the  sta- 
y  of  the  animal  secured.  Many  other  examples  of  the* 
s  we  have  stated  in  relation  to  the  centre  of  gravity  might 
nentioned,  but  these  wiU  probably  be  Kuflicicnt  to  illuN- 
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tratethe  general  principles  of  tills  important  branch  of  me-    'i 
chanics.  2 

I 

ACTION   AND   REACTION.  I 


I 


Having  illustrated  the  first  two  of  those  principles  caDed 
the  laws  of  motion,  we  may  now  proceed  to  demonstrate  the    ^ 
third : — **  Action  must  always  be  equal  and  contrary  to  re-    i 
action ;  or  the  actions  of  two  bodies  on  each  other  must  be 
equal,  and  directed  towards  contrary  sides."  ^ 

The  whole  doctrine  of  action  and  reaction  may  be  said  to     • 
depend  on  the  inertia  of  matter.    All  matter  being  in  itself    • 
passive  and  under  the  influence  of  forces,  we  may  always    j 
predict  the  state  that  will  be  induced  by  a  knowledge  of  the    1 
forces  which  will  operate.  This  statement  is  beautifully  illus- 
trated by  the  results  of  the  impact  of  bodies  under  all  cir-     1 
cumstances.    There  are  three  ways  in  which  bodies  may  be 
brought  into  collision,  and  an  example  of  each  may  be 
given. 

When  a  body  in  motion  impinges  on  a  body  at  rest,  the 
motion  is  divided  between  the  two,  according  to  their  masses. 
Let  us  suppose  that  a  ball  moving  with  a  velocity  equal  to 
two,  strikes  another  of  equal  mass,  the  motion  will  not  be 
destroyed  but  equally  divided,  and  both  wiU  move  with  a 
velocity  equal  to  one. 

If  the  ball  at  rest  should  be  four  times  as  large  as  that  in 
motion,  the  motion  will  still  be  divided  between  them  accord- 
ing to  their  masses ;  that  at  rest  wiU  take  four-fifths,  and  the 
other  retain  one-fifth. 
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To  diow  how  theK  reniiu  nar   !/•  sc-iyb^    :-'#?    ^ 
leitia  of  matter  »  hardtv  ij«»»-sr—      '.';-«  •*--«.• 

mount  of  motion  pruduceci.  aur  :   ^ar  it^-...'^    .*    .-t«*i^ 
or  decreased  by  impact  ex  vnr.  w  ur*  »   «    •-:•;.•:'    .    ■..- 
ome  the  friction  of  tlwr  iKKi;  a*  jvk     ah    .^    :•:  .'.^%' 
he  atmoephere.     "Mutioi.  i»  no    jotj^'^jas^i    <- .•;<m.^     -^ 
ipeed or  TdodtT.  For  ezamiMt   -.  hum   .    sij*^:^    ^       ^...» 
mnate  rate  has  a  oertani  quamn;  v' ui^ju^r     .-  a.^'^.**-  ^-^u- 
imaB  B  be  added  to  A.  au'.  i  ■<!Ui:ir'  v^.^-     ^  y  .'.     . 
Homch  miore  motioL  wiL  rMurxiLi    ^  '.;«u^    m..    -  ■  i*«p:«m, 
bi  other  wordfi,  the  twi  ixxuas   Ttwr    .    an    .'.  -^^i.^    im. 
twice  as  much  motiuL  w  lu'  «xi4l»-  umb   .    u^-    ''m-?    u«'^ 
ing  akme,  and  Tsitii  tittr  mum*   f^mm'.      'I ««-   eatii    i<«<m/jjju 
■in  diow  that  tlirw  equa.  inain-r   vl    w:i     u»-   e«tM-    •'h*^' 
have  three  tinM»  ttit:  motiui  u' izu-  ui«'.  *,•  lufri-     i.-  ^.<ii«i« 
therefore,  the  x'eiucn^  wnuy*.-  tica*-    ■*.    •.■j^nn.    «    j^n^.i.^ 
viUalwa^'b  be  ixi?rKi««'  'r  '-utiiJiiin-r    ■      •   r<ij«.  fn.j^^fr^^., 
K  the  masfr  mfn-«(.  j-  jiirr*M^--    «.•'  Mir;. :•.--.*':      O    i*-*  uiaj* 
hand  the  cfuamxt;  u'  ru'r.i'^-    '^^tv    n:-    ^".'^a    -i     i^    t^^ 
onh*,  but  aitfC'  ul  txi'  imctr.       J    -  ••-^.:     >•:.'"  t.n'^'u.-   omw 

iriiicL  moref  inti  ivj-iv  tii-  r4.»ri<-    '.«.-         i*  ..i«     n-vh    i^**. 

twice  tilt  KpSl'*  II  tli-  5iiai'  ■.:«»•  »•■  :^<-.  Lt  i  lu-  ^ua". 
txrv  of  mutlUL        il    tm     XZldliiir-     X*.*-     lUixn      ^.m       l«j-     eailt- 

m 

die  qmintny  u:'  mT.;yi  v^  :iivr»;iti*  v  '.i.-siiiiii--  i  \^'  ooili 
inxiporUfiX.  i^  tii*.  vtiuv::;  '  i  i  i.i*r  t  li-  liiv^tucitvui:  ».' 
a  body  tiia:  w*  muf  r^rir*  iy  -:  p?vi>rr"  ctr-.iiuat-  <•  Iaj-.  ^ua:. 
oz^'  of  niuurji. 
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be  seen  in  the  impact  of  two  masses  moving  in  opposite 
directions. 

Let  us  take  the  simplest  case,  two  equal  masses  havii^ 
the  same  velocity  and  moving  in  opposite  directions.  At  the 
moment  of  collision  each  parts  with  its  motion,  the  one 
neutralizing  that  of  the  other,  and  producing  rest.  That 
which  is  moving  towards  the  right  is  met  by  that  mov- 
ing towards  the  left,  and  receives  an  impact  in  the  oppo- 
site direction  equal  to  its  own  proper  motion.  Each  ball  in 
fact  is  in  a  condition  resembling  that  of  a  point  acted  upon 
by  two  equal  forces  in  opposite  directions. 

If  the  two  masses  have  not  the  same  momentiun,  motion 
is  continued,  but  the  direction  in  one  mass  is  changed.  Let 
A  and  B  be  two  balls,  the  momentiun  of  the  former  being  16, 
that  of  the  latter  12 :  the  motion  of  B  is  neutralized,  and 
twelve  parts  of  the  motion  of  A ;  four  however  remain,  which 
are  proportioned  between  the  bodies,  according  to  their 
masses,  and  they  consequently  move  together  in  the  direction 
that  A  had  previous  to  contact. 

There  is  yet  one  other  case  of  action  and  reaction,  that  in 
which  two  bodies  are  moving  in  the  same  direction.  It  is 
not  however  necessary  to  give  examples  of  this,  as  the  princi- 
ples referred  to  in  the  others  may  be  easily  applied  by  the 
reader ;  and  we  will  pass  on  to  mention  a  few  familiar  illus- 
trations. 

'  That  the  momentum  depends  on  the  mass  and  velocity 
conjointly,  may  be  proved  by  the  effects  produced  by  bodies 
which  differ  in  bulk  and  motion.  A  ship  of  war  float- 
ing down  a  river  has  but  little  velocity,  yet  from  its  bulk 
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111188  it  has  to  grot  a  BKmaBiis  tear  i  vkir  ssi^ir^  ms^ 
isideTable  velocity  mi^it  l*k  dMusi  ir  ?.ujmvc  >  ^ 
in  ^nth  a  heavy  load  walkiar  «0*v  «£narf»  acciur  «&: 
Btacle  with  a  force  ai  groK,  «r  ^suk^  tvemfs* 
are  walkiiig  very  faA  «id«iic  k.  «ttC  auc  v£ 
md  a  lad  whoee  bulk  of  licfQT  »  inc  «susl  sub*  UBt-:  «  jefs^ 
omentnTn  from  the  relaeKT  wtn,  viun  :^.  v  ?'.iul:j:i«: 
Almost  every  penon  mast  mMsm^r  suaaorxar  xx  triitvi 
s  has  Boflfered  from  the  yewr^ifaii  iIiunrsLnn  i^f  iariivi  «u'. 
action.  Standing  perha;*  a.  Tut  wir^su  uf  Ia^iu  x  i«r  uat 
iddenly  found  his  ofntR  vi  gnm^  cuRunM:^  i/<t  «  ^jujcti: 
ow  from  some  chmMj  yxvx.  iruuvt  xxjvBuntiuu-.  uuorr 
ich  drcimutanoei,  tlwwxh  mifiici^rfr..  wiv  imsiti;  tuKivkmci 
f  the  burden  he  carried.  At  irtuer  tutwr  bt  iukv  uavt  u.- 
Ivertently  come  into  coIiMiMiL  iriti.  i.  uumcc  unom/eu^^f 

inning  at  fuH  Speed.     11«^  rirj^f ji«j^  uf  lij»^  tfiiU*.'!.  tlia!  M  uuit 

!  received  in  the  latter  caM:  i^  luu'.'i.  gi«tti^  tuaj.  uugu:  ut. 
iticipatedy  for  when  two  per*uxjf  tuvf.  «i'.'i.  utiMrr  u.  tlll^ 
ay,  each  receive  a  bitmr  «qua.  lo  tut  uuu-  uftiit  ior^ici- 
opposing  for  instanct  t'uat  two  perbtju^  luuviug^'  ii.  oppo«itt- 
recdons  come  in  cuutact..  uut  walkiujL'  at  tu*:  mit  uf  fou* 
lies  an  hour,  the  other  ruumuii  at  tii«r  rait:  uf  »ix  :  eaci.  viL 
}iEar  the  same  shock  afc  if  tti^  otiier  had  rm^hfu  ujkil  hui; 
ben  at  rest,  at  a  rate  of  teii  miieb  an  Lour. 


CHAPTER  11. 

HYDROSTATICS. 


Thk  Bciences  which  teacli  the  properties  of  liquids,  iindths 
forces  produced  by  them  when  at  rest  and  in  motion,  must  be 
of  the  greatest  importance  to  every  state  of  society,  and  espe- 
cially to  one  so  far  advanced  in  the  arts  and  comfort*  of  life 
as  that  whicli  exists  among  many  nations  in  the  present  day. 
What  would  he  the  condition  of  London  or  any  other  large 
mercantile  town,  without  its  pipes,  pumps,  water  engines, 
and  canals.  The  advance  of  practical  mechanics  has  in  some 
measure  destroyed  the  necessity  of  an  entire  dependance  upon 
water  as  a  mechanical  power  and  a  means  of  communication 
between  distant  places,  but  it  can  nei-er  render  the  knowledge 
of  hydro8tatical  principles  of  secondary  imi)ortance. 

The  explanation  of  the  phenomena  pretiented  by  liqiud«, 
of  which  water  is  a  type,  belongs  to  three  sciences ; — Hydro- 
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^tion  of  the  ultimate  particles  of  matter  when  in  that  stalt* 
It  is  a  common  opinion  that  the  particles  of  fluids  are  B^iflh 
peal,  hard,  and  with  polished  siufaces.  This  supposition  liii~ 
))een  entertained  because  an  assemblage  of  spheres  will  toiid|  ^ 
each  other  in  the  fewest  possible  points,  and  consequent 
have  the  least  friction,  for  friction  is  according  to  the  tm* 
faces ;  and  also  because  a  greater  number  of  spheres  may  bi    * 
packed  in  a  given  bulk,  than  bodies  of  any  other  fonn«    ilk 
lowing  that  the  particles  have  polished  surfaces  and  are  hardy,  f  ^ 
the  theory  will  be  still  insufficient  to  explain  the  nature  (if  . ' 
fluidity.    The  spherical  form  is  not  under  all  circumstanoat  •'' 
the  most  susceptible  of  motion.     A  series  of  marbles  npquiL- ' 
floor  have,  it  is  true,  a  great  susceptibility  to  motion;  but  '  * 
after  having  carefully  placed  together  nine  or  twelve,  pik .]' 
others  upon  them,  and  another  series  on  them :  there  will . ;' 
then  be  Uttle  tendency  to  motion,  for  the  marbles  of  eveiy  i' 
series  above  the  base  will  fall  into  the  cavities  between  the. 
contiguous  ones  of  those  which  are  below.    The  circuliic    •' 
form  of  the  ultimate  particles,  so  far  from  accounting  for  flu- 
idity by  a  diminution  of  friction,  would  be  sufficient  of  itself  ta   ■ 
destroy  that  equable  motion  for  which  all  fluids  are  remark-   j 
able.    Fluidity  is  occasioned  by  heat,  and  both  liquids  and    • 
gases  derive  their  extreme  mobility  from  the  repulsive  force    - 
with  which  the  particles  act  on  each  other,  and  not  from  their    ' 
spherical  form. 

In  a  subsequent  part  of  this  work  we  shall  have  occasion, 
to  speak  fully  of  the  agency  of  heat  in  producing  fluidity^ 
and  it  will  not  therefore  be  necessary  to  say  much  on  the  sub- 
ject at  present.     It  is  well  known  that  nearly  all  solid  bodies 
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^^^^^1  dered  altogether  destitute  nf  tbat  property.     Recei 

^^^^^Kmeats  have  proved  that  when  water  is  subjei^d  to 

^^^^^B  |iresHure,  it  inaj  be  forced  into  a  smaller  hulk ;  but  bow  great 

^^^^B'that  pressure  must  be,  may  be  deduced  from  the  foci  that  the 

^^^^v Florentine  academicians  filled  a  hollow  globe  of  gold  with 

^^^^H  vater,  and  by  a  great  mechanical  force  endeavoured  to  intro- 

^^^^H  dace  a  screw  into  the  vessel,  but  the  water,  rather  than  suffer 

^^^^H  compression,  passed  through  the  pores  of  the  metal.     From 

^^^^H  fiiis  result,  says  a  gentleman,  well  acquainted  with  the  sd- 

^^^^^P  encewe  are  explaining,  it  was  inferred  that  water  is  incompres- 

^^^^^    Bible;  but  there  are  a  variety  of  reasons  for  concluding  that  no 

substance  possesses  absolute  incompressibility,  for  the  most 

dense  solid  bodies  are  known  to  have  pores;  and  that  there  are 

interstices  between  the  partides  of  water  is  obvious  from  the 

possibility  of  adding  solid  matter  to  it  without  increasing  itc 

I  bulk.      Besides  which  the  Florentine  experiment  was  incon- 

^^^^H     elusive,  or  rather,  would  seem  to  lead  to  an  opposite  condu- 

^^^^^1  lion,  because  it  must  be  recollected  that  the  introduction  of 

^^^^F  the  screw  changed  the  interior  tigure  of  the  globe,  and  di- 

1  loiniBhed  the  volume  of  the  fluid  it  eontaneri;  and  it  was 

therefore  incumbent  on  the  academicians  to  have  shown  that 

the  quantity  of  water  which  exuded  through  the  giobe  was 

equal  to  this  diminution  of  volume ;  for  if  the  quantity  wera 

I  less,   it  is  obvious  that  the    water   must   have    imde^one 

IS  degree  of  compression,  and  consequently  the  inference 

,  cannot  be  relied  on. 

In  the  present  day  we  need  not  refer  to  the  ciperiment  of 
■■  the  academidans  to  determine  whether  water  be  capable  of 
I  compression.   The  experiments  of  Canton  and  Perldns  dearly 
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estabHsh  the  enstence  of  this  propntr.  ihaogh  h  »  no  FtniJ 
in  degree  that  we  may  still  term  liquids  incaz^^viiBVie  £uj?-. 
for  they  are  strictly  so  under  all  common  pmioim. 

TRX    SURFACE   OF  ▲    LIQUID    IS   ALVATC    LEVEL 

It  is  one  of  the  most  obrioos  and  important  prmcipl^  „f 
Hydrostatics,  that  the  surfaces  of  bqufdt  &}varF  maixstain  & 
perfect  leveL  Those  who  have  rtood  hy  the  ms  tide  vhf  *: 
the  water  has  heen  undisturbed  by  the  pa*--«'-:?ifir  breeze,  or 
the  nmsy  gale,  must  hare  observed  the  beaatiful}y  level  rar- 
£EUse  which  it  presents.  "When  the  winds  are  hushed  and  no 
agitating  force  is  upon  it,  there  is  no  attempt  in  one  part  Vj 
rise  and  in  another  to  hSi.  The  bark  that  plowci  its  furrcrsi' 
on  the  sur&ce  is  unable  to  give  permanence  to  its  path,  for 
the  adjacent  waters  flow  in  and  fill  up  the  channel.  So  when 
the  waters  of  the  ocean  are  disturbed  bv  the  nind  which 
passes  under  their  surface,  they  are  restless  under  its  restraint 
and  every  falling  ware  seeks  to  arrang:e  itself  in  a  horizontal 
plane.  These  appearances  result  from  what  is  called  the 
gen«::al  tendency  of  fiquids  to  maintain  their  level. 

But  when  we  speak  of  the  surface  of  liquids  as  being  per- 
fecdy  level,  we  do  not  mean  that  the  ocean  is  an  horizontal 
plane,  for  it  is  influenced  by  terrestrial  grai^tation  which  does 
not  act  in  parallel  lines,  and  therefore  it  must  necessarily  par- 
take of  the  general  convexity  of  the  earth.  The  centrifugal 
force  has  also  some  influence  in  the  production  of  this  effect. 
When  the  surface  of  any  mass  of  water  is  extensive,  the  con- 
vexity must  be  estimated,  but  when  only  of  slight  extent  it 
may  be  considered  as  a  plane. 
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In  cutting  canals  which  extend  over  a  large  track  of  cohbe^J 
try  it  is  necessary  to  take  into  calculation  the  deflexion  £km%I  _ 
the  horizontal  plane  which  is  about  eight  inches  in  a  mikk 
This  deflexion  increases  as  the  square  of  the  distance,  and  1 
consequently  will  be  8  x  4,  or  32  inches  at  a  distance  of  two 
miles,  and  8  x  9)  or  72  inches  at  a  distance  of  three  mikfl^ 
and  so  on. 

When  we  investigated  the  conditions  of  equilibrium  of 
sohds,  it  was  stated  that  a  body  acted  upon  by  two  equal 
forces  in  opposite  directions,  is  kept  at  rest.  Thus  a 
body  may  be  influenced  by  the  force  of  gravity,  and  the  re- 
sistance of  the  plane  on  which  it  is  supported.  These  forces 
exerting  an  equal  power  in  a  contrary  dire(ition,  the  body  is 
kept  in  equilibrium.  We  may  also  suppose  the  same  sub- 
stance to  be  acted  upon  by  other  forces,  and  still  it  will  con- 
tinue at  rest  if  they  be  only  equal  and  opposite.  But  it  is 
otherwise  with  a  fluid,  it  has  only  one  condition  of  equiti-^ 
brium,  and  that  is  when  the  force  is  impressed  in  every  direc- 
tion. If  we  suppose  a  fluid  to  be  acted  upon  by  two  forces 
it  is  evident  they  can  only  produce  motion,  that  is  an  elon- 
gation of  the  mass  in  a  direction  at  right  angles  to  the  forces. 
Thus  if  a  bladder  containing  water  be  pressed  in  two  parts 
opposite  to  each  other  with  forces  which  are  equal,  the  com- 
pression will  cause  the  bladder  to  extend  in  a  direction  at 
right  angles  to  the  points  of  pressure.  A  fluid  therefore  to 
be  in  equihbrium  must  be  pressed  with  equal  force  in  every 
direction,  and  consequently  the  siufaces  of  fluids  at  rest 
must  always  be  perfectly  level. 

It  is  by  the  operation  of    this  principle  that  we  are 


dile  to  coanj  water  ia  po»  =-.-c  nw-  i^^r-  i  aii.'-^K-^ 
if  no  p«ft  of  the  pipe  hk  zfitr-  ^jic  ijr  v^i^r-  i  u* 
wrter  in  the  lucivoir.  I^c  i«r  ^c  a«SMi^>:->-  fi.  *'r. 
wrter  STesid,  hsvisip  fe«  ^^uaer.  .  ssifc.  '.^^  c  r-nn^^r 
kngth  than  the  remutL  b<:  jt  u<r  i^^  ..''  i^r-L^^AK*. 
iMi  a  stopcock.  If  v»  saib?  «  '^'^•^•^-*^^-'  «•  m^.w«^ 
die  tdbe  and  the  rriiaac  -.•-  -rjn^i^  i^  •'..-^•.-.•l-:  :^ 
water  will  be  dnroa  ac'.  11*=  2. -raff  t-r^  -.\Oi:.*rrfc:i#- 
vdodt^x  and  owav  Vj  ^e  srjsfrsus-  :  *•'>  : .--  &:  ^iat^^. 
Bse  aumewUai  faiiEfaer  tsax  tice  ^rut  y  :;.*  r<.<^'xx  .«:::  f^*.*: 
•abode  and  aettle  oc  s.  jrv^  «^  :^  ti-^'-  11  1^-  ^^m^  eii^ 
the  nme  will  be  obwrrei  «:  viac^^  {k^tve  >*'  cj«^iai2i.«£  i:«r 
tube  may  be  placed.  H  «%  uar  <.  ux'«^  im^h^-  «.  •luffi^r'  t^' 
benda,  inatead  of  one  Utf  Jr  ti:iugar.  ^ul  ;<u«-.^  uk  tii^:^^ 
xqfoa.  the  end,  viien  'lut  «un^j^:i.  ir  '.unxei.  tiK  fiuiu  wil. 
only  rise  to  a  oensia.  ii^rarii'  i^*-  'i^^  •::>*■  «!-!.•:  *-  ur-.^a- 
Bary  to  complete  tat  At^*;.  itii-  fc-.'-.-rriifr.  .»;  lu'.  ci^su.  :\'i.x 
of  the  condenbed  air :  zunr.  in .  1:  i«  l.  t^k  :^  ::!'.  riiucu-.  2\.»n.-^ 
of  the  condeniieG  air  i^  &  •.■-juui'tryuAfc-:  ;•.  11^.  yt*rs*ur>  ri^rrhrc. 
by  the  liquid  coiumx..  ^^lkti.  lu/c  iw  i*-  nLx^tw^i.  u  cm-'^^. 
the  fluid  wiD  riue  hij^vr.  liu:  wiL  u\r.  r*^  l^.  lu-  yrni«?r  ie-vei. 
on  aoooont  of  a  yxrU'ji.  uf  air  i^ffiii;:  siil^  itff:  11.  :iic  MUU(.ls:lti<r^ 
of  the  tabe.  Now*  tm»  i»  pn*:ibviy  viia:  iiaIllMru^  11.  tiit  i-nzu- 
mon  water  pip»  of  uur  tnUKt.  and  l^  tue  rt-al  rausir  of  tut- 
obstmctioD  to  the  flov*  of  miner,  which  bouietimet^  huppeu^: : 
on  account  of  the  lightue^t^  of  ah  it  aiwa^b  a^(L'eIld^:  ti>  the 
npper  bends  of  the  pipeti,  and  theBe  are  the  jjhii'e^.  therefore, 
where  it  must  be  let  off.  'Ilii^  hat;  been  accumphshed  by  an 
arrangement  propOMed  by  Mr.  Stei-ens^  who  appUed  a  float 
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which  acts  upon  a  lever.  When  water  is  in  the  pipes  the  float 
is  raised,  and  the  lever  closes  the  aperture.  When  air  is  pre^ 
sent  the  float  is  low,  and  the  lever  opens  the  aperture,  giving 
out  the  enclosed  air. 

It  has  been  stated  that  the  Romans  were  unacquainted 
with  the  law,  that  fluids  rise  to  the  level  of  their  source,  and 
consequently  with  the  use  of  pipes.  But  this  is  certainly  an 
error,  for  we  have  no  right  to  deduce  such  a  supposition  from 
the  fact  of  their  having  built  large  aqueducts ;  and  indepen- 
dent of  this,  the  principle  is  stated  by  some  of  the  ancient 
philosophers  ^  and  several  of  the  Latin  poets  *  have  alluded 
to  water  pipes  as  being  employed.  The  real  cause  of  thdr 
unfrequent  use  is  perhaps  to  be  found  in  the  circumstance 
that  the  materials  for  their  construction  could  not  be  readily 
obtained. 

Professor  Leslie,  in  his  Natural  Philosophy,  makes  the 
following  remarks  upon  the  use  of  pipes  among  the  Romans. 
In  the  Physical  Cabinet  of  the  University  of  Edinburgh  is 
now  deposited  a  specimen  of  ancient  leaden  pipe  lately 
brought  from  Rome,  where  it  had  been  dug  up  among  the 
ruins  of  the  palace  of  the  Caesars.  It  bears  an  inscription  in 
raised  letters  intimating  the  name  of  the  plumber,  and  the 
year  of  the  reign  of  the  Emperor  Domitian.  Though  only 
sixteen  inches  long,  and  nine  and  half  in  girt,  it  weighs 
twenty-two  and  a  half  pounds  avoirdupoise ;  so  that  the  lead 
must  be  very  nearly  half  an  inch  thick.  The  pipe  is  slightly 
curved  and  rudely  formed  into  merely  a  flattened  oval,  two 

*  Pliny,  Palladius,  Vitruvius,  &c. 

'  Horat.  Epist.  i.  x.  20.     Oyid.  Metam.  iv.  120. 
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drawn  up  a  rapid,  or  the  rapida  may  be  rendered 
bj  contraction.     Another  plan  is  to  stop  the 
for  a  time,  and  then  to  let  it  off  ao  a 
flood. 

The  land  carriage  is  also  prevented  hyponli  aux  roulema, 
or  inclined  planes  with  rollers  at  short  distances,  over  which, 
by  means  of  a  water  wheel,  the  boats  are  lifted  up  to  the 
edge  separating  the  two  waters,  and  afterwards  laundied 
into  the  stream  again. 

The  importance  of  canal  navigation  is  now  decreaang 
rapidly  in  consequence  of  the  estahUshment  of  railways. 
There  are  some  situations  in  which  an  inland  communicatian 
is  most  advantageously  estahUshed  by  canals ;  but  generally 
speaking,  canals  are  less  desirable  than  railways.  The  expense 
which  attends  their  formation,  and  the  difGcultieB  often  expe- 
rienced in  procuring  a  full  andregular  supply  of  water,  are  oW 
stacks  to  their  estabhshraent.  In  the  construction  of  canalt 
and  railways  it  is  a  principal  object  to  avoid  the  friction  expe- 
rienced upon  common  roads.  Canal  transit  baa  the  great  in- 
convenience  of  a  resisting  medium  acting;  against  the  draught 
in  the  inverse  ratio  of  the  i  elocity  of  the  boat.  The  speed  of 
canal  navigation  must  always  be  limited,  in  consequence  of 
the  destruction  of  the  banks  from  a  rapid  motion.  This 
must  be  a  great  obstacle  against  the  conveyance  of  passen- 
gers 1  and  as  the  t'peed)  transit  of  goods  as  well  as  paesen' 
gers,  is  now  of  importance,  there  can  be  no  doubt  that  camd 
navigation  must  ultimately  give  way  to  the  establishment  of 
railways,  ITie  comparative  facility  of  loading  and  unloading 
carriages  is  also  favourable  to  the  choice  of  railway  traffic 


»'  r? 


112  THE   EDINBURGH  WATER   WORKS. 

equal  or  slightly  greater  elevation  than  the  highest  place  to 
be  supplied. 

We  shall  now  close  our  remarks  upon  that  law  whidi 
causes  liquids  to  maintain  their  levels,  by  extracting  a  pas- 
sage from  the  book  already  quoted,  which  may  be  useful  to 
those  who  have  occasion  to  apply  the  principle  in  the  con- 
struction of  water-works. 

"  The  water  is  conveyed  from  its  source  by  a  train  ci 
strong  iron  pipes,  which  vary  in  their  capacity,  diminiRliing 
as  they  approach  Edinburgh,  from  twenty  to  fifteen  inches  in 
diameter.  At  the  fountain  head,  those  of  twenty  inches 
commence  the  series,  and  continue  for  a  considerable  space, 
when  pipes  of  eighteen  inches  diameter  are  introduced  to  jthe 
end  of  the  first  18,300  feet ;  of  which  the  descent  is  about 
sixty-five  feet.  For  the  remaining  part  of  the  main,  pipes  of 
fifteen  inches  are  employed,  and  the  fall  of  this  space  is  286 
feet,  in  the  length  of  27,900  feet.  In  some  parts  they  have 
an  undulating  course,  and  ascend  and  descend  twenty  or 
thirty  feet.  The  main  passes  through  two  timnels,— one  of 
them  excavated  in  the  solid  rock  of  the  Castle  Hill,  for  a 
length  of  1740  feet,  and  120  feet  below  the  reservoir ; — ^the 
other  being  conducted  imder  Heriot's  Green,  seventy  or 
eighty  feet  below  its  surface,  and  having  a  length  of  2160 
feet.  The  reservoir  on  Castle  Hill  communicates  with  that 
on  Heriot's  Green,  and  large  pipes  branch  ofiffrom  both,  for 
the  plentiful  supply  of  the  city,  in  every  direction.  The 
strength  of  the  pipes  is  adapted  to  sustain  a  pressure  equal 
to  a  column  of  water  800  feet  high." 
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the  bottom  will  consequently  hare  to  sustain  their  united 
force. 

That  this  statement  may  not  be  misunderstood  it  wiU  be 
necessary  to  explain  at  once  that  the  pressure  exerted  by  a 
fluid  upon  the  bottom  of  a  vessel,  does  not  depend  upon  tlio 
quantity  of  fluid  it  contains,  but  upon  its  height.  This  pro- 
position has  been  called  the  Hydrostatic  Paradox,  and  yet 
nothing  is  more  evident  or  more  simple.  Practical  -prwA 
are  constantly  observed  by  every  one.  When  a  house  k 
supplied  from  a  reservoir  perhaps  containing  an  immense 
volimie  of  water,  the  little  pipe  that  supplies  it,  is  filled^  or 
may  be  filled  to  the  same  level  as  the  water  in  the  reserroir. 
The  same  thing  may  be  observed  in  a  common  garden  pot 
filled  with  water ;  the  column  contained  in  the  spout  is  on 
a  level  with  that  in  the  vessel  itself.  Now  in  both  these  in- 
stances it  is  evident  that  the  small  polumn  supports  the 
pressure  of  that  of  the  larger,  proving  that  the  force  exerted 
is  according  to  the  altitude  of  the  column,  and  does  not  in 
any  degree  depend  upon  the  quantity.  It  is  the  same  with 
elastic  fluids.  The  barometer  is  a  column  of  mercury  acting 
with  the  same  pressure  on  the  surface  of  the  samefluid  as  a 
Fig.  10.  column  of  the  atmosphere  having  the  same  base. 
But  the  pressure  of  fluids  is  in  every  direction, 
upwards  and  laterally  as  well  as  downwards.  Take 
a  small  bladder,  fig.  10,  and  attaching  it  to  the 
end  of  a  glass  tube,  fill  it  with  a  coloured  fluid. 
Now  immerse  the  bladder  in  a  cylindrical  vessel 
of  water,  and  every  portion  of  its  surface  is 
immediately  brought  under  the  influence  of  an 
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bottom,  80  that  it  may  be  air  tight,  and  hold  it  in  that  posi- 
tion while  water  is  poured  into  the  vessel  to  any  height,  H, 
for  instance.  The  downward  pressure  of  the  fluid  will  now 
keep  it  in  its  place.  Then  pour  water  into  the  tube  T,  and 
it  will  rise  into  the  receiver  which  covers  the  lower  end,  and 
as  this  is  filling,  the  air  must  be  allowed  to  escape  from  it  by 
removing  a  small  plug  at  the  lower  end  of  the  tube  p.  The 
plug  being  fitted  again  into  its  place,  continue  to  pour  water 
into  the  tube  T  until  it  shall  stand  a  little  above  the  level  H, 
and  the  receiver  will  then  immediately  rise  to  the  top  of  tiie 
fluid  in  the  cylinder,  for  the  pressure  upward  is  greater  than 
that  downwards.  The  communication  is  then  opened  between 
the  lesser  and  greater  columns,  and  they  will  instantly  adjust 
themselves  to  the  same  level.  We  thus  prove  by  a  single 
experiment  that  the  pressure  is  according  to  the  height  of 
the  colunm,  and  also  that  the  upward  and  downward  pres- 
sures are  equal. 

It  is  also  true,  and  may  be  proved  by  experiment,  that  the 
lateral  pressure  is  equal  to  that  which  is  exerted  upwards 
and  downwards,  and  consequentiy  increases  with  the  height 
of  the  column.  Many  persons  suppose  that  flood  gates 
have  to  resist  a  force  produced  by  the  quantity  of  water 
against  the  progress  of  which  they  are  acting.  But  this  is 
not  true,  for  the  pressure  in  this,  as  in  other  instances,  is 
according  to  the  height  of  the  water. 

As  the  pressure  of  fluids  is  according  to  the  height  of 
their  columns,  we  may  easily  obtain  an  enormous  force 
from  a  comparatively  small  quantity  of  water  or  any  other 
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the  earth.  Imagine  a  vertical  fissure  to  be  formed  in  a  rock, 
communicating  with  a  small  horizontal  reservoir  of  water» 
and  let  this  fissure  be  filled  with  rainwater,  or  that  produced 
by  the  melting  of  snow ;  who  can  estimate  the  violence  of 
the  force  which  will  be  instantly  called  into  action  ?  The 
pressure  in  every  direction  would  be  so  great  that  the  solid 
rock  might  be  shaken  by  it,  or  torn  asunder  by  its  uncon- 
rolled  energy. 

In  calculating  the  influence  of  ph3rsical  agents  in  the  pro- 
duction of  change  on  the  surface  of  the  earth,  we  are  too 
liable  to  estimate  their  power  by  a  false  compaiison  with  the 
phenomena  we  witness  upon  the  laboratory  table.  The  ex- 
tent of  natural  agents  are  seldom  fully  estimated,  and  indeed 
they  cannot  be,  from  the  trivial  exhibitions  of  their  power 
presented  to  our  view.  The  power  and  unlimited  extent  of 
their  operations  can  only  be  traced  by  man  in  detail,  and 
that  insulated  view  he  takes  is  insufilicient  to  give  an  ade- 
quate conception  of  their  energy.  By  the  use  of  a  large  instru- 
ment a  man  can  separate,  with  tittle  physical  exertion,  sub- 
stances which  the  combined  strength  of  hundreds  could  not 
tear  asunder.  But  shall  we  compare  this  with  those  vast 
operations  constantly  going  on  in  the  mineral  kingdom,  by 
the  influence  of  the  same  principle  ?  Philosophy  may  teach 
the  laws  by  which  the  various  kinds  and  conditions  of  matter 
are  governed,  but  the  largest  and  most  powerful  instruments 
employed  by  a  man  when  compared  with  those  fully  opera- 
ting in  nature  are  but  as  toys  which  amuse  our  simpUcity 
and  gratify  our  self-esteem. 

It  is  not  a  difficult  task  to  discover  the  total  amount  of 
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appKeri  ISO  itk  vu  ezactiv  cuuiii4fr}M>i»t  tut-  fiuic  prcB»tiurt .  If 
a  piece  cif  wood  lie  pre8Mrc  a^raiutit  tiit  tuf>  of  tiir  valve,  tiir 
kywer  part  will  be  forced  outwards ;  if  i^rainsi  the  bottom. 
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the  upper  part  will  be  forced  outwards.  But  if  the  bar  ol^.:, 
wood  be  moved  downward,  and  appUed  at  two^thirda  ^i 
the  depth,  the  valve  will  be  closed  through  its  whole  loigd^^ 
This  is  the  situation  of  the  centre  of  pressure.  -'^Ji 

■■■.> 

THE   EQUILIBRIUM    OF   FLOATING   BODIES   AND   BODIIS      ' 

PLUNGED    IN    LIQUIDS. 

.1 

From  the  existence  of  gravitation  as  a  force  acting  <m^,'^. 
bodies,  it  is  certain  that  any  substance  raised  above  the  siBMA 
face  of  the  earth  must  fall,  unless  supported  by  some  imcthi 
capable  of  coimteracting  the  influence  of  gravity.  TlMn  Hf 
are  in  nature  many  phenomena  which  appear  to  be  contiify^ 
to  that  law  by  which  matter  in  all  its  states  is  governed  |p'^ 

such  as,  the  suspension  of  clouds  in  the  air,  the  rise  of  vapomv^nl 

■I 

and  the  floating  of  large  bodies  on  the  smface  of  water;'4£ 
These  however  are  not  instances  of  the  invasion  of  any  hew"^ 
governing  material  existence,  but  bring  to  our  notice  the  ^ 
causes  by  which  one  force  may  be  modified  by  the  interfe-  'iij 
rence  of  another.  The  phenomena  of  bodies  sinking  and' 
floating  in  fluids  depend  on  a  principle  which  has  been  caUedr^ 
the  law  of  Archimedes,  because  discovered  by  that  pfailD^^ 
sopher.  •* 

This  principle,  or  law,  may  be  thus  stated : — a  body  plungdt'  4 
into  a  fluid,  loses  a  part  of  its  weight,  equal  to  the  weight  of  m 
the  fluid  it  displaces ;  and  the  proposition  is  equally  troBMS 
whether  the  fluid  be  a  liquid  or  a  gas.  Imagine  a  large  vil  "■■ 
sel  fuU  of  water,  and  let  there  be  a  cube  in  the  intevkv 
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•inks  in  a  fluid  it  does  so  because  it  has  a  greater  weight  thm  3 
the  volume  of  water  it  displaces.    The  quantity  of  any  flnidl  « 
displaced  by  the  immersion  of  a  soUd  in  it  must  depend  ob  t 
its  bulk,  without  reference  to  its  weight.  If  two  equal  cubo^  , 
one  of  marble  and  the  other  of  metal,  be  successively  i»i* ' 
mersed  in  water,  the  liquid  will  rise  in  both  cases  to  th* 
same  height,  although  one  is  much  heavier  than  the  oihen 
When  the  weight  of  a  solid  is  less  than  that  of  an  equal  bulk 
of  the  liquid,  the  solid  will  float;  and  when  the  two  are  equa^ 
it  will  be  in  equilibrium,  resting  in  any  position  where  it  may 
be  placed.    In  fact,  the  latter  is  a  case  similar  to  that  m 
which  a  volume  of  water  is  supposed  to  be  solidified  without 
any  change  of  bulk  or  weight. 

The  stability  of  a  floating  body  depends  on  another  cause. 

The  only  condition  of  stabihty  is  that  the  meta  centre 
should  be  beneath  the  centre  of  gravity.  This  meta  centre 
is  that  point  where  the  axis  of  the  centre  of  gravity  of  the 
fluid  intersects  the  axis  of  the  fluid  it  displaces.  When  the 
meta  centre  coincides  with  the  centre  of  gravity  the  body  is 
indifferent  to  motion,  when  above  it  will  upset.  In  the  con- 
struction of  ships  and  other  vessels  intended  to  float  on 
water,  this  law  must  be  considered  and  practically  ap^^ed ; 
if  it  be  not,  there  ifr  a  great  danger  that  they  will  be  in  an 
instable  state,  and  the  vessel  will  upset. 

Fishes  have  a  capabiUty  of  rising,  sinking,  or  floating  in 
water  at  pleasure.  They  must  therefore  have  a  means  of 
increasing  or  decreasing  their  weight,  so  as  to  make  the  bulk 
of  their  own  bodies  of  greater  or  less  weight  than  the  volume 
of  liquid  they  dis]dace.    This  they  are  able  to  do  by  ahoing 
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fluid,  lose  equal  parts  of  their  weight.  If  for  instance  M 
take  a  cube  of  plaster  and  a  cube  of  metal,  both  cast  in  lii 
same  mould,  they  will  be  foimd  to  have  very  different  weighM 
but  will  lose  exactly  the  same  amount  of  weight  when  qH 
mersed  in  water,  and  that  amoimt  will  be  exactly  equal-4 
the  weight  of  the  cube  of  water  they  displace.  As  a  coUalli 
ral  proof  of  this  statement,  take  a  cube  of  plaster  so  large  H 
to  balance  in  air  the  cube  of  metal,  and  having  suspendfll 
these  to  the  arms  of  a  balance,  immerse  them  in  water  $t 
the  same  moment.  The  lead  will  now  appear  to  be  heaviai 
than  the  plaster,  for  being  of  less  bulk  it  will  lose  less  of  ill 
weight. 

If  ihis  be  the  true  explanation  of  the  result,  we  may,  when 
we  weigh  bodies  in  Uquids  form  a  comparison  between  theii 
densities,  or  in  other  words  we  may  determine  their  specifi< 
gravities.  If  we  weigh  a  body  in  the  air,  we  only  obtain  iti 
gravitating  power,  without  reference  to  its  density.  We  knon 
that  the  bulk  of  a  pound  of  cork  is  much  greater  than  thai 
of  a  pound  of  lead,  but  we  have  no  means  of  ascertaining 
their  relative  densities.  To  determine  this,  that  is,  their  8pe< 
cific  gravity,  we  must  find  the  weight  of  the  volume  of  liquid 
they  displace. 

To  ascertain  the  specific  gravity  of  any  body,  it  is  neces< 
sary  that  we  should  compare  it  with  some  other  body  whoM 
density  we  are  to  take  as  unit,  llius  a  piece  of  copper  ma| 
be  heavy,  and  we  may  speak  of  its  weight  absolutely  and 
positively ;  but  when  we  say  that  it  is  heavier  than  anothtt 
body,  we  institute  a  comparison,  and  it  is  convenient  to  haira 
some  common  unit  to  refer  to.  If  we  say  that  gold  is  beaviai 
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It  might  be  supposed  that  spring  water  would,  froc 
circumstances  under  which  we  meet  with  it,  be  much  ] 
than  river  water,  and  such  in  fact  is  often  the  case.  Bu 
greatly  depends  on  the  character  of  the  strata  through  ^ 
the  water  percolates;  for  if  sulphate  of  Ume,  muriate  of 
or  any  other  substance  soluble  in  water  happens  to  be 
course,  it  is  immediately  taken  up,  and  necessarily  le 
the  water  impure.  Some  of  the  deepest  wells  in  Lo 
however  afford  water  that  is  very  free  from  all  these  im 
ties,  and  such  as  may,  after  boiling,  be  used  for  roughl} 
mating  specific  gravities.  Rain  water,  or  newly  fallen  f 
affords  a  liquid  which  must  be  in  a  great  degree  devo 
saline  matter. 

Snow  water  will  be  much  purer  than  rain  water,  foi 
water  is  generally  gathered  from  the  roofs  of  houses,  i 
liable  to  be  impregnated  with  many  impurities.  Nor  i 
rain  water  that  falls  in  the  vicinity  of  large  towns  so  pi 
the  rain  water  of  the  country,  as  in  the  former  the  dropf 
to  descend  through  clouds  of  smoke  charged  with  ami 
acal  matter,  which  is  not  the  case  in  the  open  country, 
rain  water  and  melted  snow  are  exceedingly  rich  in  o: 
and  in  carbonic  acid  gas,  which  they  absorb  from  tl 
mosphere. 

As  distilled  water  has  an  uniform  density,  philosc 
take  it  as  their  unit  of  specific  gravity.  In  distilling  r 
spring  water  the  gaseous  matter  will  first  separate  beca 
its  volatility,  it  is  then  followed  by  pure  water  and  the 
and  other  fixed  impurities  will  remain  in  the  still.  C 
cally  speaking  however,  the  process  of  distillation  i 
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although  we  may  consider  it  as  a  general  law,  that  the  alK 
sorption  of  caloric  causes  a  hody  to  contract  in  its  dinnTi 
sion,  yet  when  water  is  cooled  below  40°  of  Fahreiiheit»  % 
begins  to  dilate,  and  continues  to  do  so,  until  it  freezes  at  31^^ 
At  the  temperature  of  40°  Fahrenheit  therefore  the  wator  i| 
at  its  greatest  state  of  condensation,  and  consequently  at  ill 
greatest  specific  gravity.  At  the  temperature  of  40°  FahronA 
heit  a  cubic  foot  of  water  weighs  exactly  1000  oimces  avoip» 
dupoise.  .     ' 

The  elements  for  ascertaining  the  specific  gravity  of  aoHit 
bodies  are,  first,  to  weigh  the  substance  in  air,  and  then  n( 
water :  then  divide  the  weight  of  the  substance  in  air  by  lilt 
loss  it  has  experienced  in  water. 

It  has  already  been  stated  that  a  body  immersed  in  water 
displaces  a  volume  of  that  fluid  exactly  equal  to  its  own,  and 
it  loses  weight  exactly  equal  to  the  weight  of  the  volume 
it  displaces.    We  therefore  find  by  this  method  the  weiglil 
of  the  body  and  the  weight  of  a  volume  of  water  equal  in 
bulk  to  that  of  the  body.    These  two  weights  compared 
together  give  the  relation  between  the  specific  gravity  al- 
water,  which  we  suppose  to  be  known,  and  that  of  the  given' 
body,  by  making  the  following  proportion,  in  which  1.0000- 
represents  the  specific  gravity  of  the  water.     The  weight  * 
the  volume  of  water  displaced  by  the  body  is  to  the  weight 
of  the  body  as  1.0000  to  a  fourth  proportional  representing 
the  specific  gravity  of  the  body,  for  the  specific  gravities  axe 
as  the  weight  of  equal  bulks.    Therefore  the  specific  gravity 
of  the  fluid  is  to  that  of  the  water  as  the  weight  lost  in  the 
fluid  is  to  the  whole  weight. 


axnoL  ziziT     -   's^ 

iB&.Einur  nr^-  - 
e:  t  51I*Zi-  1=^^ 

OIL  or  £lr--r  mi     - 


• 


.  «" 


bs- 


130 

oleHginooa  or  grtasy  nature.  If  a  thread  be  used,  it  is  a 
tlie  contrary  very  liable  to  be  wetted  by  the  OHcillationa  of  A 
balance  to  some  diatance  above  the  level  of  the  water,  a 
thuB  there  may  be  a  conmderable  addition  to  the  appulri 
specific  gravity. 

When  we  wish  to  take  the  specific  gravity  of  a 
that  ia  acted  upon  chemically  by  water,  it  is  evident  tl 
though  we  may  ascertain  its  true  weight  in  the  wi,  we  a 
not  determine  ita  weight  in  water.  The  only  method  tl 
can  be  practieed  under  auch  circumstances  is,  to  aacertain  ib 
specific  gravity  with  reference  to  some  other  liquid,  ( 
specific  gravity  is  known,  and  then,  by  the  common  rule  a 
proportion,  to  find  its  specific  gravity  Mith  respect  to  wati 
Spirits  of  wine,  or  an  essential  oil  may  be  used  for  thia  pi 

The  term  specific  gravity  of  a  body  is  nothing  more  th 

the  comparative  weight  of  any  body  and  water ;  we  may  fl 
the  specific  gravity  of  any  fluid,  by  weighing  a  quantity  of  i 
against  an  equal  quantity  of  water.  For  this  purpose  a  botd 
is  made  which  will  hold  jnet  a  thousand  grans  of  d 
water,  and  is  hence  called  the  thousand-grain  bottle.  It  hasi 
ground  stopper,  which  is  perforated  through  its  length  by  a 
lon^tudinal  hole.  If  the  bottle  be  filled  with  water,  and  A 
stopper  put  into  its  place,  the  excess  of  water  will  pai 
through  the  hole  in  the  stopper,  and  may  be  wiped  awaf . 
The  instrument-maker  adjusts  the  bottle  in  the  first  instancy 
by  grinding  away  portions  of  the  stopper  until  the  a 
of  the  vessel  is  just  one  thousand  grains. 

n  the  specific  gravity  of  any  liquid,  it  ia  thm- 
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which  is  the  standard  of  comparison,  must  be  taken  into  &< 
accoimt. 

To  detennine  the  specific  gravity  of  gas,  take  a  thin  glas^ 
globe  with  a  stopcock,  weigh  it  as  accurately  as  pofidbk 
exhaust  the  air,  and  weigh  it  again.  The  loss  of  weigbt  h 
now  equal  to  the  weight  of  the  air  drawn  out.  If  the  0tm 
be  then  filled  with  any  gas,  and  weighed  again,  the  ixncmff^ 
of  the  weight,  above  the  weight  when  exhausted,  wiB  f^ 
the  weight  of  the  gas  required.  *^'^ 

Now  it  is  evident,  that  the  volume  of  gas  that  enlflnp;j||» 
globe  is  exactly  the  same  as  the  volume  of  air  drawn  cwti|| 
the  pump;  if  therefore  we  divide  the  gas  by  the  wdg^ ^4p 
air,  it  will  give  the  specific  gravity  of  the  gas.  It  is, 
necessary  that  the  experiment  should  be  rapidly  and  f 
fully  performed,  that  errors  may  not  creep  into  the 
tion.  .j| 

These  remarks  upon  the  method  of  determining  the 
gravity  of  substances,  will,  it  is  hoped,  be  of  some 
the  practical  student ;  to  the  general  reader  they  moat 
uninteresting.  It  is,  however,  of  but  little  use  to  attempl 
study  of  any  branch  of  natural  philosophy  without 
ments ;  and  as  the  subject  of  which  we  have  been  s] 
requires  some  illustration,  we  have  felt  ourselves  at  lil 
introduce  a  few  observations  for  the  guidance  of  the 
pulator. 
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voir  will  be  at  rest  so  long  as  the  vessel  shall  remain  perfiriii 
on  every  side,  for  it  suffers  resistance  at  every  point.  Bof^ 
form  an  aperture  at  any  point,  and  the  condition  of  eqAr 
hbrium  will  be  destroyed.  The  science  of  Hydrodynamics , 
or  HydrauUcs,  then,  comprises  not  only  the  laws  which  lt» 
gulate  the  motion  of  Uquids  through  pipes  and  chamkd^; 
rivers,  and  canals ;  but  also  the  discharge  of  liquids  frdik  : 
reservoirs  through  orifices  and  tubes. 

Feeling  strongly  the  difficulty  of  presenting  to  our  readeint 
a  distinct,  and  at  the  same  time  a  comprehensive  view  tif 
hydrauHc  phenomena,  we  cannot  avoid  quoting  the  n- 
marks  of  Dr.  Lardner,  a  writer  who  has  deservedly  the  ch*- 
racter  of  being  able  to  explain  mathematical  and  physical 
principles  in  the  style  of  a  popular  writer  or  a  profound  wtb" 
thematician,  with  equal  facility. 

"  It*  is  the  pecuUarity  of  this  branch  of  hydrostatics,  that^ 
from  various  causes,  the  phenomena  actually  exhibited  in 
nature,  or  in  the  processes  of  art,  deviate  so  considerably  frt)Qi 
the  results  of  theory,  that  the  latter  are  of  comparatively  htde 
use  to  the  practical  engineer.  They  also  lose  a  great  part  of 
their  charm  for  the  general  reader,  from  the  impossibility 
of  producing  from  familiar  objects,  whether  of  nature  or 
art,  examples  appositely  and  strikingly  illustrative  of  the 
general  truths  derived  from  scientific  reasoning.  Itnmst 
not,  however,  be  supposed  that  the  results  of  such  investiga- 
tions are  false,  or  that  the  science  itself,  or  the  instruments 
by  which  it  proceeds,  are  defective.  The  difficulty  here  lies 
rather  in  the  pecuhar  nature  of  the  phenomena,  and  the 
mmiber  of  disturbing  causes  which  render  them  incapable  of 
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ture  below  tlie  Eurface  of  the  liquid,  Hndthe  quantitj'  of  water 
Sowing  from  it  in  a  given  time,  for  certainly  the  rapidity  of 
efflux  increases  with  the  depth  of  the  aperture. 

But  before  we  proceed  to  examine  this  part  of  our  Bnbject. 
it  is  necessary  to  remark,  that  the  discharges  of  a  liquid  from. 
H  horizontal  urilice  are  nearly  proportional  to  the  area  of  tha 
orificee,  whatever  may  be  their  forma  ;  the  height  of  the  fluid 
being  in  every  case  the  same.  This  being  kept  in  mind,  it  is 
not  difficult  tn  prove,  by  experiment,  that  when  a  liquid  is 
Sowing  from  a  horizontal  aperture,  the  height  is  as  the  square 
of  the  velocity  with  which  it  flows;  a  fact  clearly  demon- 
strated by  Bossut's  experiments. 

Take  any  vessel  that  baa  an  orifice  in  one  of  its  sides,  an 
inch  or  two  above  the  bottom,  and  pom*  water  into  it  to  the 
height  of  one  inch  above  the  opening.  Kow  the  preBsure  of 
the  fluid  being  ut  this  point  unsupported,  the  water  will  flow 
out  with  a  certain  velocity,  say  at  the  rate  of  five  feet  in  a  se- 
cond, that  ie,  so  long  as  the  surface  continues  of  thesame  height 
above  the  orifice.  Supposing  that  it  were  required  to  give 
the  water  a  double  velocity,  the  height  of  the  surface  above 
the  aperture  must  be  four  times  greater,  that  19  to  say,  it 
must  be  four  inches.  Tlie  reason  of  this  is  evident :  as  the 
height  is  increased,  the  velocity  of  efflux  is  increased,  because 
the  pressure  is  increased  in  the  same  proportion.  It  might, 
therefore,  be  supposed  that  a  double  height  would  be  suffi- 
cient; but  this  cannot  be  the  case,  for  as  double  the  quantity 
of  water  is  to  be  put  in  motion  in  a  gii'en  time,  and  as  it  ia 
It  the  same  time  to  have  a  double  velocity,  the  force  must 
necessarily  be  four  times  greater.  It  it  were  required  to  give 
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It  may  also  be  worthy  of  notice,  hs  a  fact  reaulting  from 
what  has  been  already  sad,  tliat  wien  a  fluid  issues  from  an 
orifice  it  has  always  a  velocity  suHicient  to  make  it  rise  ver- 
tically to  the  same  height  as  the  surface  of  the  fluid  above  th^ 
aperture.  Take  a  vessel,  and  having  formed  orifices  in  it  at 
(Ufferent  heights,  fix  a  jet  in  each  so  that  the  liquid  may  lUf 
vertically.  This  being  done  fill  it  with  water,  and  keep  it 
full.  From  each  jet  a  cohunn  of  water  will  be  thrown,  and 
each  will  he  thrown  to  the  same  height,  that  is,  to  the  level 
of  the  surface  of  the  water.  From  that  oriiice,  which  is  on^ 
one  inch  beneath  the  surface,  the  water  will  be  throvnttq 
the  height  of  one  inch,  while  that  which  ia  thirty  will  qett  i 
column  of  thirty  inches. 

From  these  considerations  we  must  be  impressed  with  ibi 
extreme  mobility  of  all  hquids.  To  f^ve  motion  to  a  fluid 
mass,  it  is  only  necessary  to  make  a  slight  derangement  of 
one  of  its  molecules,  and  the  motions  which  result  throngh^ 
out  the  whole  mass  will  be  so  varimiB,  modified  by  difierent 
causes,  that  it  is  almost  imposeible  to  imagine  the  compGea* 
lion  of  the  phenomena  that  will  be  thus  produced. 

It  may  alno  be  observed,  that  the  sides  of  the  veeeele  coqm 
tajning  Uqutds  ijustain  an  external  and  internal  pressnre— ■ 
there  is  a  force  resulting  from  the  pressure  of  the  flni4 
which  is  outward,  and  another  from  the  atmospheric  pres' 
aure  which  is  inward.  When,  therefore,  an  opening  tl 
formed  m  the  side  of  a  vessel,  the  water  will  Dow  out,  if  ths 
preesure  from  nithin  be  greater  than  that  from  ivithont. 
This  must  always  be  the  case  in  an  open  reservoir,  tar 
the  pressure  on  the  exterior  of  the  vessel  is  that  exerted 
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W  the  Hampi^BK  aikme^  -vmift  tOE  ol  uk  nnennr  is  tiit 
eombmed  fbcw  rf  a.  linniL  laam^  ma.  tut  anmmtKTu  n- 


jjuu.  i.  final  biii<  u:  uk  iHitrmn  o:  i. 
!»y  I.  TcmoL  dmmiiit.  aiid  Uk  sin- 
{bzk  Isivii:  L  iinrxzimta.  luaxK.  A:  g  dis> 
teee  of  two  ori^rvt  izc3k»  imxx:  tut  tHitiim:.  ttn  mrtirift^ 
tnmfrooi  the  wocaL  Qmrnifm.  and  nniK  fnixr.  aL  T1Brt^ 
with  a  HKi^i^M  SBCct  :r  je»  o'tiLijiK  towarci^  uk  aiiemm 
The  mne  take*  pact  "viieii  liie  water  eHcaiM^  inTir.  &  tioir  ix: 
the  aide  of  a  mafri  1^  tendeDnr  iif  tbt  ]iarcici«^  of  m 
fiqiiid  tonrda  tke  cvificsr  tf  e  Decntfcary  rivnM*qu<*nr<f  of  tbeir 
great  mobifitT,  far  'dvr  arr  neceesanjr  diTiertt* d  lowardf  ibat 
part  whone  thcr  zaees  nidi  lean  reeifoanre. 

At  a  amall  dksaBce  from  the  biituim  of  the  TraMl.  thr 
water  forms  hcc^  into  a  kind  of  funnt- 1.  ihe*  K^^neRi  }xnni  of 
wbidi  corresponds  wiih  the  centre  c»f  :he  a^^ertuw..  When 
a  fiquid  flows  through  an  orifice  in  ihe  side  of  a  rcwfieL  a 
kmd  of  half  fonnel  is  fonned.  beginning  \rbere  the  surface 
neaily  touches  the  hole.  It  is  pn^l^ble  that  this  funnel 
Bhii^  is  formed  as  soon  as  the  iK*ater  l>eirin$  to  flow  fntm 
the  orifice,  but  it  is  not  obsen-able  until  the  surface  tif  the 
liquid  is  brought  near  to  the  bottom  of  the  vessel. 

The  reader  will  do  well  to  study,  in  connexion  with  whni 
has  been  here  said  on  the  motion  of  a  liquid  through  an  ori- 
fice, the  thirt}'-8ixth  proposition  of  Newton's  IVincipin.  a 
work  which  must  be  read  by  all  who  wish  to  obtain  luon* 
than  a  general  knowledge  of  the  physical  sciences.  I'or  the 
benefit  of  those  who  are  not  able  to  refer  to  this  work  wo 
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a  passage  from  Ihat  propOBition   ^ 


may  be  permitted  to  quote  a 
which  relates  to  our  present  enquiry. 

"  The  particles  of  the  water  do  not  all  of  them  pass  througi  ^ 
the  hole  perpendicularly ;  but  flowing  down  on  all  parts  from   ^ 
tie  Bidea  of  the  vessel,  and  converging  towards  the  hole,  paM  ^ 
Uirough  It  with  obhque  motions,  and  in  tending  downward*    j 
meet  in  a  stream,  whose  diameter  is  a  httle  smaller,  below  ths   ^ 
hole  itself,  its  diameter  heing  to  the  diameter  of  the  hole  U 
5  to  6 ;  or  as  5J  to  GJ,  very  nearly,  if  I  took  the  meaauras  of  ^ 
fliOBe  diameters  right.    I  procured  a  very  thin  flat  plate  ha?- 
ing  a  hole  pierced  in  the  middle,  the  diameter  of  the  circular 
hole  being  I  parts  of  an  inch.      And  that  the  stream  of  run- 
ning  water  might  not  be  accelerated  in  faUing,  and  by  thit 
acceleration  become  narrow,  1  fixed  this  plate,  not  to  lh«   ^ 
bottom,  but  to  the  aide  of  the  vessel,  so  as  to  make  the  water   ^ 
go  out  in  the  direction  of  aline  parallel  to  the  horizon.  Tbe^  i  ' 
when  the  vessel  was  full  of  water,  I  opened  the  hole  to  1^  it 
nm  out ;  and  the  diameter  of  the  atream,  measured  irith  J/ 
great  accuracy  at  the  distance  of  about  half  an  inch  from  dw 
hole,  was  fj  of  an  inch.      Therefore  the  diameter  of  this  d 
cnlar  hole  was  to  the  diameter  of  the  stream  very  neariy  t» 
25  to  2].     So  that  the  water  in  passing  through  the  b<it, 
converges  on  all  sides,  and  after  it  has  run  out  of  the  vi 
becomes  smaller  by  converging  in  that  manner,  and  by'W- 
coming  smaller  is  accelerated,  till  it  comes  to  the  distance  of 
half  an  inch  from  the  hole,  and  at  that  distance  flowa  in  ■ 
smaller  stream,  and  with  greater  celerity  than  ii 
itself,  and  this  in  the  ratio  of  23  x  25  to  21  x  2 
I    la  very  nearly,  that  is,  in  about  the  subduplicate  iatiott( 
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and  let  it  run  out  through  an  aperture  in  the  bottonHj  o 
ing  the  period  occupied  in  the  escape  of  the  fluid.     TholiB 
the  vegael  again,  and  kec;>  the  surface  at  the  name  height,  hj  ^ 
contiaually  supplying  a  quantity  equal  to  that  which  eacapet,   I 
and  it  will  he  found  tliat,  in  the  eame  time,  nearly  a.  ^ 
I   quantity  will  be  diacharRed. 


When  fluids  spout  through  jela  o 
I  that  cun'e  called  a  parabola,  the  ci 
[  ing  to  the  direction  of  the  jet. 

Venturi,  when  considering  the  resistance  exerted  Ir 

moving  against  solid  bodies,   discovered  an  important  fkc^ 

that  fluids  pass  with  greater  rapidity  tlirough  tubes  thantbey 

do  through  apertures.  Suppose  a  vesKcl  containing  a  known 

quantity  of  water  to  be  emptied  in  a  certmn  time  by  nmning 

through  an  orifice.     Fill  the  vessel  again,  and  let  a.  tube  of 

le  diameter  be  fitted  into  the  opening,  and  the  Tewd 

f  will  be  emptied  much  sooner  than  in  the  former  case. 

By  an  extensive  series  of  ex[ieriments  it  has  been  fc 

that  the  discharge  of  fluids  by  tubes  of  different  stzt 

nearly  in  proportion  to  their  bore.  A  Uquid  sometiniea  ps 

through  a  cylindrical  tube  of  the  same  diameter  as  the  orifice 

in  which  it  is  fixed,  without  touching  the  surface,  and  Bomi 

times  the  tube  ia  filled.     In  the  first  instance  there  is  n 

variation  in  the  velocity  or  quantity,  but  in  the  second  both 

i  increased.     'JTie  quantity  in  the  first  is  to  that  of  the 


ceondas  100  to  133,  prnviiiin  -sm:  -LsXiK-^^  i*  \j^  iu»»  «• 
wmAy  a  quarter  of  iti  kn^ 

We  might  now  |iroeeeri  tfi  n  xm^r^ieBuiT.  :    ..^'uat^iA.r. 
of  flnkby  for  althongfa.  tii(Br  aorvtw    fic---   a.   4«p    tuc*u»f 
aaong  each  other,  upno    «y=:j?'  iri:iattAn>e    .-r-r.jir  j    xr.v. 
Aioed,  and  conaeqaendT'  *stss^.  ^ae.  ^.  u.  mzivsA^.  siitiui*: 
A  river,  however  alow  x«  sr-^r^    i^^:.-    .«c«a-v.    i. 
banks  and  removea  the  icx  xabcjiu-  'ui'w:    v«v»-  x.    •«. 
torn.    Water  canncc  geM^  v^r  iif  lune'  ^m.^-.K'.  r^srMjc 
without  friction,  and  vaca.  air.**:si4r  v^c-  '.-.f^*ij^fr*'a;«r:  vu,^^*^ 
prodocea  the  moat  (JuuMSin*  •tf^ri^  !:»■.«.  i^  Obi^.  t»inu«.  i* 
the  earth.    We  tfaaH  aiuc.  'mm^r^^    tL^^v*  --  in-  sn*-.^  «: 
ei^iianation  of  dwae  7AKa«iBiK9&.   ci:.  ^.^r-.-ic^    «>  m-t  ix«%<: 
had  occasion  to  refer  ic  arap:  v.  hk  ^::J•c-r   -  ifu-  •  JCaa  a 
oatf  Jfoaaieaf  Cepfcyiei  .'^  mt  2i!«»'  ^i  ^   .ir-.^  ^^  liK  cix^ao:.- 
ation  of  a  fiev  HrdrsulAr 


The  instranterr:  rrryrv^^riArt  at:  t:^-.  ■.  .•"iiU'i'Li'-'^ru^n:  of  t:u^ 
chapter  is  said  w  nx^h  •>r*rL  mv^-ni-ri:  rr*  .•.:-.:::!iifii-:*^.  fir  Uk 
purpose  of  draii:::!*^'  *-it  I'jv  tr^'juii*..'  •'  Lt"!'-  i»u:  i:  l»•il^ 
also  used  for  dritiriii;:-  v.ai*fr  fiuii.  nj-  iiolci^  of  vc'^!rt?i>  :  auii 
according?  to  A  tiAeiicPU*:.  tii»:  uain'b  uf  :ilJ^  viiiii.iMiiiUtfris'a?  ve- 
nerated "bv  the  aiici«it  wdiorfc  fur  tiit  bt* Iltrfit^  tiiev  derived 
from  his  invention,  llit  instrument  consifr'is  of  a  jiijie 
womid  spirally  rcmnd  a  cylinder.     It  it?  extremely  t>im})le  in 

1  Pouillet'E  £lemcnt>  de  Pfayiiiqut. 


its  conatractioii,  but  eome  difficulty  hae  been  felt  in  explain- 
ing the  theory  of  ita  action. 

We  may  understand  the  operation  of  this  ir 
ruHmg  water,  hy  considering  the  motion  of  a  hall  placed  in 
it  under  different  circuraBtancea.  ]f  the  cylinder  be  placed 
in  a  vertical  position,  and  the  ball  be  put  into  the  upper  end 
of  the  spiral  tube,  it  will  gradually  pass  through  all  the  wind- 
ings of  the  screw  when  the  tube  is  made  to  revolve  oi 
aria.  If,  on  the  other  hand,  the  cylinder  be  placed  in  a  hori- 
zontal position,  the  ball  *viil  descend  through  a  portion  of 
one  spiral  and  there  remain  at  rest,  until  the  axia  of  the 
cybnder  is  thrown  into  an  oblique  position,  when  the  ball  w 
necesBEuily  deacend  from  one  point  to  another,  until  it  &] 
from  the  opposite  extremity. 

But  let  the  lower  extremity  of  the  spiral  be  plunged  into 
water;  and  that  portion  which  is  directed  upwards  will  ne- 
cessarily be  filled  with  the  liquid  descending  by  the  force  of 
its  own  gravity.  When  the  cylinder  is  turned,  the  water 
tnovea  forward  in  the  canal  to  occupy  that  part  which  be- 
comes lower  than  the  mouth  of  the  tube ;  and  by  a  continued 
rotation  the  liquid  advances  up  the  spiral,  being  constant^ 
throa-n  into  the  lowest  parts. 

There  is,  however,  as  Mr.  Barlow  has  stated,  an  important 
difference  with  reference  to  the  computed  effect  of  this  ma- 
chine between  the  water  and  the  ball,  for  the  water  by  re 
of  its  fluidity  after  ha^'ing  descended  by  ita  gravity  to  the 
lowest  point  of  the  demi-spire,  rises  upon  the  contrary 
aide  to  the  original  level,  on  which  account  more  than  half 
one  of  the  spires  will  soon  be  filled  with  the  fluid.     In  iUus- 
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theory  of  Aichimeder'fr  wmi-.  Um  Ukx  mw$'  ut 
consideration. 

I  frequently  mg^iba^  »  n  tM9?uiiu««ai  ptnv^  r  ir 
Lonly  made  to  act  Ujr  At-  mipUM*.  *r  MuKi^iif .  m  Xim 
nee  of  a  wfaed*  tlie  funjf:  t/eiui'  ko«^Wi;  «'  14(11- 
be  radii.  MoCioD  beixif  tiiur  pi'.'iu«.;v<  i-  at  k«i*c 
I  regulated  by  nttrhnien.  ift/  ji»  u  i«f;  fi  tuo  ium* 
^nsonant  with  llnir  efioct  U/  w*  ^itt^juwc  V^  «mv< 
of  varioiu  medbamiciil  \g\0W»!u\MUt  uvrt^m^  Xuku 
n  a  single  force,  und  alwaiyi^  a  tu*  «gttU4  dit^^Uuf. 
erforming  nurtiunft  hi  tUlI'mm'  Mil.  49v^>  n  u|/yu 

wheels  are  of  four  iuudi:.   tu»  tmu'TT'ftjtf'.    ttwitrm*' 
to  the  fituatiaii^  u.  viu'm  tii*-;  n'*  u  u»  •fiii|J««v*ff 

14. 

filer.  U    r  v^ihmu  •.»'  t  •■m  i»v  amti4!*?t 

KeriCf  'jf  vtu-jr^.     Tia  muiKu*  «5  al  iii»t 

H  taci  aiifr  1*  :u  rjt  tun  wiatL^  ^rvjtrtJC  v.^  twrxu»- 
cticjD  of  lilt  -wTT-tr .   "Wii^i  ti*t  niuutii  ^A  lijt  Imtdbert 
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^^^H^     bucket  itiielf  is  filled  witli  wa.ter,   and  by  its  weight  tends 
^^^^H      git-e  the  wheel  a  motion  in  the  direction  of  the  stream.   Tlui  | 
^^^^1      force  is  aided  by  the  impetus  of  the  flowing  water,   ao  that)  p 
^^^^B      constant  rotatory  motion  will  be  kept  up  proportioned 
^^^^M      quantity  and  vducity  of  the  stream.     As  the  bucket,  wUd  , 
^^^H      we  have  supposed  \o  be  filled  with  water,  descends  from  ib 
^^^H      vertical  position  towards  the  horizontal,  the  influence  of  thi 
^^^*        weight  increases  upon  the  principle  of  the  lever.     We  m^   . 
W  supiMiBe  the  vertical  line  bisecting  the  wheel 

I  the   fulcrum   of  a  lever,  and  it  wiU  then  appear  that  thi 

I  loaded  bucket  will  have  the  least  influence  from  its  weight 

I  when  on  the  summit  of  the  wheel,  and  the  greatest  when 

L  on  a  line  at  right  angles  to  the  axis.      Every  one  knowi 

^^^H         tliat  the  power  of  a  water  wheel  greatly  depends  upon  thi  i 
^^^H       form  of  the  bucket,  and  the  reason  of  this  will  be  evident 
^^^V       from  what  has  been  just  stated.    One  of  the  main  objects  ol 
a  mill-wright  will  be  to  form  the  buckets  of  such  a  sh^)e  thai 
the  water  in  each  may  be  brought  over  a  space  equal  at  leasl 
to  one-fourth  of  the  circumference  without  losing  any 
of  the  liquid  it  contains,     When  the  loaded  bucket  is  at  ila 
greatest  height,  it  will  have  a  minimum  influence  in  pi 
dudng  the  revolution  of  the  wheel,  but  the  force  will  i 
crease  in  proportion  as  it  in  brought  nearer  to  that  pait 
the  circumference  most  distant  from  the  vertical  line.    Afto 
passing  that  line,  its  power  upon  the  wheel  will  be  decreased 
not  only  because  it  is  brought  nearer  to  the  vertical  J 
which  we  have  supposed  to  represent  the  fiilcmin,  but  i 
because  a  large  quantity  of  the  water  which  represenid 
weight,  must  be  lost  whatever  may  be  the  form  of  the  budot 


OVXE8HOT  WHUL.  147 

It  win  then  be  nndentood  thit  the  force  of  an  overshot 
vfaed  depends  upon  two  prind}de8,  first,  the  impetus  that 
ii  given  to  it  by  the  impact  of  water  upon  the  highest  point 
of  its  dicnniference,  and  secondly,  npon  the  weight  of  the 
bodEets,  which  increases  from  the  vertical  Une  to  the  hori- 
lontaL  Those  of  our  readers  who  may  be  unacquainted 
litfa  the  mathematical  principles  of  the  lever,  will  understand 
die  statements  we  have  made  from  an  acquaintance  ^ith 
flie  action  of  the  common  steel-yard,  which  is  a  machine  sus- 
pended upon  a  point  and  having  two  unequal  arms.  To  the 
end  of  the  shorter  a  hook  is  attached,  upon  which  the  article 
to  be  weighed  is  carried,  and  over  the  longer  a  determined 
weight  may  be  moved  at  pleasure.  According  to  the  dis- 
tance of  the  Weight  from  the  point  of  suspension,  will  be  its 
vahte,  the  force  increasing  with  its  distance  from  the  frdcrum. 
This  principle  may  be  fruther  illustrated  to  our  juvenile 
readers  by  the  well-known  game  of  see-saw.  When  a  plank 
is  placed  upon  the  edge  of  a  piece  of  timber,  or  brick  work, 
in  such  a  manner  that  it  shall  be  in  equilibrium,  that  is, 
remain  in  a  horizontal  position,  it  will  move  upwards  and 
downwards  by  a  force  applied  alternately  to  either  end,  but 
if  a  heavy  man  should  sit  upon  one  end  and  a  child  upon 
the  other,  that  end  upon  which  the  former  is  placed  will 
preponderate.  Yet  it  would  be  easy  to  establish  an  equili- 
brium between  the  two  portions  of  the  plank,  for  if  the  man 
should  approach  nearer  to  the  fulcrum,  he  might  so  adjust 
his  position  as  to  make  his  weight  just  balance  that  of 
the  child.  It  will  then  be  perceived  that  the  weight  in- 
creases in  proportion  to  the  length  of  that  arm  of  the  lever 

l2 
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from  which  it  is  suspended,  and  bence  the  woght  of  a  bucket  ' 

roust  increase  as  it  descends  from  the  vertical  to  the  hori-  ^ 

zontal  poeitiDii,  being  in  the  one  cose  at  the  least,  and  in  the  ' 

Other  at  the  greatest  possible  distance  from  the  fulcrom.  i 


Round  the 
ence    of   the  nnderehot 

wheel,  fig.  IS :  a  nnmba 
of  plane  surfaces  are  fixed  i 
at  equal  distances,  and 
at  right  angles  to  the  &ce 
of  the  wheel.  These  are  called  float  boards,  and  were  foimeri; 
placed  perpendicular  to  the  rim  of  the  wheel,  or  in  otha 
words,  were  projections  from  the  radii,  but  it  is  now  found 
to  be  more  advantageous  that  they  should  present  an  acuu 
angle  towards  the  stream.  The  action  of  this  wheel  maj 
easily  be  understood,  for  the  motion  is  produced  solely  by 
the  impetus  of  the  water,  and  its  construction  is  more  simple 
than  that  of  the  overshot  wheel. 


The  breast  wheel  is  acted  upon  by  the  stream,  at  a  point 
intermediate  between  the  upper  and  under  part  of  the  wheel, 
nearly  on  a  level  with  the  axis.  It  is  fiu^shed  with  float 
boards  hke  the  undershot  wheel,  but  these  move  in  a  cur- 
vilinear millcourse,  so  that  they  .act  in  the  same  manner  as 


TDOtian  hy  itF  weight  m^  «*nll  jd>  hx 


i^ieel  if!  ooDBtmcted  in  thr  fuunr  mannci 
UK  Twiiwiw'kiii  ^wkeeL  and  the  millrourHr   for  ImUi   i> 
3fi  tbbA-  iSttt  mne  numia'.    Thr  pnnri^MiI  diftrr- 
rii^^BB  miF  is  piaeed  baxixoiitBlh*.  thr  other  I'erunUN. 
tibt'Onh'  lA^ect  of  liie  fanner  is  to  naw  nurhinm  h\ 
^v  unD  fltanes  at  once  to  thr  Tcrtira]  hhuti  uf 


lunr  allBUijUfld  to  ezpUin  in  thi«  chjipi<-r. 
marr  ^rrtt^rt^^  m^  difficult  to  be  undrn<i/vid 
of  experimenta]  philoMiphy  :  our  ohioot 
ID  nsDDTe  "dif  diffinil&es  which  would  moM  din- 
dK  bcfinmer,  and  pKpUY  him  for  a  morr  cxtcn«i\r 
c£  -At  flcieDce.  In  the  ftpacr  to  be  dc\*ored  in 
Ak  vork  to  "dif  sepunte  branches  of  exporimenta)  phiKwo- 
pkf,  it  is  net  posedble  to  give  more  than  a  sketch  of  xhi^vc 

be  considered  to  form  the  l>a$e  of  the 


CHAPTER  III. 
PNEUMATICS. 


Pneumatics   (from  irvtv/ia,  breath]  is  that  s 

teaches  the  niechanicaL  properties  of  the  elsBtic  fluids,  of  wluclil 

ai  IB  the  type. 

tn  the  last  chapter,  the  physical  difference  lietween  liquidal 
and  gases  was  stated  and  explained.    All  gases  and  vapo 
are  capable  of  being  compressed  into  a  smaller  space  t] 
they  occupy  under  the  ordinary  pressure,  and  have  aleo  llu-l 


ZXI8TEXCE  or   AI&.  I.M 

njyati  'vcindi  ***™^^'^  than  to  exptnd,  and  atvuiiM'  x\w 
■Be  Volk  vlieii  the  foroe  that  pixMliioed  the  cuiii])rfM<i(.ni  \h 
ODOTed.  LaqmdB.  on  the  other  hand,  are  umqiHliIc  tif  txtiu- 
KCTBon  except  under  enormous  forces,  and  thrir  I'laKtu'il) 
s  ao  anall,  lliat  the  remoral  of  all  the  presKurr  lu  wliirb  tlu'v 
ire  sobject  on  the  amfiioe  of  the  earth,  would  mil  luakf  any 
iy|MBCiahie  diffqence  in  their  bulk.  Thrrt  i».  tlM*refun-.  u 
propriety  in  ^viding  floide  into  tvo  claMMni  {  the  piM^  and 
n^Mmra  being  dastic,  and  the  liquid«  non-elaMUt-. 

Ab  it  is  OBT  principal  object  to  explaui  in  thih  chajiter 
thoae  mechanical  properties  which  are  commou  to  all  eJaMtic 
ftmdsy  it  is  ncceasary  to  choose  one  ait  the  type  of  tlie  wbtile. 
To  ascertain  these  properties  we  must  have  recourse  to  exjie- 
lime&t ;  and  as  a  ready  access  to  a  sufficient  quantity  of  tlie 
mi^ifTiin  is  necessary  for  this  purpose,  all  ttdentific  men  liare 
consented  to  select  air  as  the  most  appropriate  subject  of  in- 
vestigation. The  science  ha^  in  conisequence  been  callfd 
Pneomatics,  and  in  nearly  all  elementar)-  wurkt*  we  find  an 
account  of  the  chemical  constitution  of  the  air,  the  extent  of 
the  atmosphere,  and  other  facts  which  do  not  strictly  t>elon^ 
to  the  science,  and  yet  may  be  introduced  with  great  pro- 
priety. 

THE    EXISTENCE    OF    AIB. 

The  existence  of  an  atmosphere  surrounding  the  earth  is 
proved  by  many  circimiBtances.  An  enquiring  man,  without 
drawing  his  knowledge  of  the  existence  of  air  as  a  fluid  sur- 
rounding the  earth,  either  from  books  or  the  information 
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Ined  liy  the  inveetigattonu  of  scientific  men,  could  not', 
ba  acqiiMHted  with  the  fact.  Although  it  may,  in  (8ie 
sense,  be  said  to  be  invisibk,  yet  the  blue  colour  of  the  celes- 
tial vault  can  onl}'  arise  from  the  presence  of  atmospheric 
air.  The  air,  like  aea  water,  is  colourless  in  small  (juaulitiea, 
but  in  large  maaaes  reflects  auflicient  colour  to  affect  the  eye. 
The  presence  of  this  colour  may  therefore  be  considered  as 
a  proof  nf  the  existence  of  an  atmosphere. 

But  we  have  a  stronger  proof  than  this,  in  the  fact  that 
we  are  every  where  existing  in  a  space  which  constantly  ei- 
bibits  the  pwperty  of  inertia.  When  monngfrom  one  plaoe 
to  another  we  frequently  experience  resistance,  and  bodies 
in  motion  arc  evidently  acted  upon  in  the  same  manner.  At 
other  times  we  feel,  when  at  rest,  an  invisible  force  operating' 
ujmn  us.  These  effects  can  only  be  accounted  for  by  admit- 
ting that  the  earth  is  surrounded  by  an  elastic  fluid,  and  in 
nearly  all  caseB  we  may  discover  the  origin  of  the  efiectt 
]iroduced,  whether  they  arise  from  the  motion  of  the  me- 
dium, or  the  resistance  it  offers  to  bodies  passing  through  it. 

We  need  not,  however,  multiply  proofs  of  the  existence  of 
an  atmosphere,  for  all  persona  will  be  willing  to  admit  the 
fact ;  and  should  any  of  our  readers  desire  a  more  extensive 
evidence,  it  will  be  found  in  the  properties  which  distiogniah 
it,  and  of  which  we  are  now  about  to  speak. 


difficult  to  imagine  what  idea  some  of  the  ancient 
philosophers  can  have  had  of  the  properties  of  atmospheric 


PEB88UBB  or  TSK  JcSW^VBaBL  ':i 


ar;  fiHT  even  those  who  admoec  r  ii  tapk-  ^;c:=. 
tfatt  weight  to  be  of  a  damoer  *iiu<ff»*'m.  ^i^rprr  rr  m  r.^ 
weight  of  other  rabcftanccf.  Jtr>niflip  -w.  iil  r.^ 
except  fire  hare  weight  i  ivc  t  vatiMrr  «»>t4*ji  -&■.' 
inflated  with  air  than  vusi  r  «  ^rnrrr  i»r  rnv-  t  ;;^ 
lustoriana  who  profew  w  xg9rrrw^  tu  irsTr^iiRji.  ^■^r? 
that  he  maintained  air  v^  iac^  i  -w^.sgst  vr:«>vn  nv-  ir.a 
earth. 

There  are  manf  tSi^Oh  naivanitr  w*f.  Mtf  ,r-  -^-r-  *niP 
and  several  popular  ezpermeam.  -vfiim  «-.'.  .Ii^ctcCp  :)^ 
wdght  of  air  and  die  yeMwu'  if  -h*"  »nir>»r}r.#rr>  .n  !#>- 
Boibing  the  htfter,  «e  «a2  aar*  fhvuipnt  ir.^a»!rn  -«i  !>?>- 
to  the  air  pamp,  an  jimu 'uiiear  imkI  '•!  'rr::iirw  -ii^  unvw 
sjAiere  from  anj  givea  tcaot  Tiv  nnfr^mpnt  ji  imrrrMf 
in  another  part  of  the  prvieac  ?!umfk*r  sui  -hive  -v*ia  av 
unacquainted  ivith  it*  ^sne  imi  •r.nj«*".''ii'~.«'n.  .iiatr  -wria^ 
what  has  been  there  Miii  vtCi^r*  v**»7  .""^u:  r:r;'.t»r 

When  two  smoocL  piane  »i;rr5iri»:«  ir»  ''•jupc  Ji&",  in- 
tact, they  win  clmelj  -ir-cer*.  Ti-h  v.K*»su:r.  --*  :a  i  xrss 
measure  doe  to  the  preswisrs  of  ^he  ansr^r;''j?r».  vir  »  .:  j« 
mnch  stronger  between  iKcse  ^h^anrm  Than  '.cher^.  ^nn«:t 
be  entirely  attribtzted  to  the  aano<ipcer»,  1-  \L  caae?.  bi:v- 
cver,  it  will  exert  a  preunre  of  arioct  n^ttn  po^mda  -pen 
every  square  inch.  In  grinding  glaifn,  it  isi  3aid,  the  ^sam 
and  the  tool,  when  the  smooth  §nrface  has  been  almost  ob- 
tained, adhere  so  closely  together,  as  to  require  more  than 
the  force  of  a  man  to  separate  them. 

We  may  also  observe  the  influence  of  atmospheric  pres- 
sure, if  we  expel  the  air  from  a  pair  of  bellows,  and,  shutting 


1S4 

the  nozzle  and  valve  hole,  attempt  to  separate  the  boards. 
A  conaideralile  force  will  be  required,  for  the  pressure  of  the 
Umosphere  is  acting  upon  their  outer  surfaces  without  any 
counterbalancing  force  within.  But  if  the  nozzle  be  un- 
Btopped,  and  the  air  be  admitted  between  the  boards,  they 
will  easily  be  drawn  apart,  for  the  external  pressure  will  then 
bs  neutrahned  by  the  expansion  of  the  air  within. 

If  a  tumbler  be  filled  with  water,  and  covered  with  a 
of  thin  wet  leather,  fastened  ta  some  immoi'eable  body,  it 
will  hardly  be  possible  to  separate  them  by  pulling  the  gllH 
upwards.  This  is  evidently  to  be  attributed  to  the  external 
preseure  of  the  atmosphere,  and  explains  the  cause  of  that 
strong  adhesion  of  limpets,  perriwinkles,  and  other  univalve 
fish  to  the  rocks  on  which  they  &x  themselves.  The  edge  t^ 
the  shell  flts  tightly  upon  the  rock,  and  by  a  muscular  action, 
the  animal  is  able  to  produce  tiicuum  within,  so  that  llw 
pressure  is  altogether  on  the  exterior.  Flies  and  eome  other 
insects  also  are  able  to  walk  over  a  ceiling  for  the  s 
reason.  A  peculiar  sort  of  lizard,  an  inhabitant  of  Java, 
called  the  Gecko,  is  supported  when  walking  upon  a  perpen- 
dicular wall,  and  even  upon  a  flat  surface  with  its  legs  up- 
wards, .by  the  atmos]iheric  pressure,  for  it  is  capable, 
proved  by  Sir  E.  Home,  of  ]jroducing  a  t'acnum  beneath  the 
feet,  causing  an  unresisted  pressure  of  fifteen  pounds  upon 
every  inch  of  the  body.  It  ii;  to  this  atmospheric  pressure 
that  we  must  attribute  the  extreme  difficulty  of  separadng 
the  shells  of  an  oyster,  erroneously  ascribed  lo  the  muscular 
power  of  the  animal,  for  if  an  aperture  be  made  in  the  abeOa, 
they  may  be  easily  opened.     Many  of  our  readers  have  peri 


TO   PROTB  THAT  AIX  MA*  ^OUtSZ  I'tfl 

\mg%  annised  themselTes  in  ^«m#uL  n.  ?vi«mr  amm^  u- 
oanaderable  wdght  bjr  drauv  tu8»»  ^i  wir  afoXuKr  smkimi 
toactring:  llie  ckwe  adheaoB  it  iu»  i*  a.  fft»tr  iuRaa#99 
wbich  have  been  mfiilkfid  i»  ix.  i«t  iaeiwii«c  u  •zsimul 
ataiosplieiic  pressore. 

Tlie  pressure  of  wlndi  "ve  10^%  imbl  inMUfiiLr  m  *ztKTyei 
in  every  direction,  not  iBcreij  ^tivnnrsetv.  vir  iiMci  uim^igi^ 
and  sideways.  Many  ibiimtiw  t^  lu*  iiMpr  i#»  ami  ni'n. 
tioned;  one  or  two  wiH  Ve  sufiiciexr.  i:  »  iju«>  i#»  tum(«*  h 
a  cask  fiBed  with  water,  ^r  wr  ^ruip  iiuiui  ut  tfvnsm  tril 
iflsne  from  it,  because  tke  >amBu;i-  W.  tu^:  ^r  vatttmt  ii«t  n^ 
temal  pressore  of  die  B^wc?  inc  tf  vuvt^r  ui^sutur  1^ 
made,  the  liqind  win  t&«&  vt  diwsurjHrt.  jr.  j»  uvtn.  lu* 
principle  that  some  adk  mmtOk  irt  iirruvi.  h  ^#7  n^imi-' 
OQSy  and  probaUy  atf  jik-,  ^rzz»aaacavt  \i  'ut  tiiifwiiiw  t^ 
water  in  springs  dwiiig  i  frwc.  na-;  **ni  v^ Vi^r.;  vt  tu^^ 
tioned  in  this  plaee.  h  at  v^minivu:;  Kuwjwtrt  ::iaR  "tut 
water  in  the  imenor  of  'Ux!^  {«^:^  i»  £r-;rs^.  -^ir  ::tij»  ^staxuir 
possibly  be  the  catse,  acii  Uit  r^h.  *;au4t  im-;  vtrut^  >^ 
foond  in  the  txchi&'x,  ^i  *jiMi  \ejsu'j^\tijKrx\  tur .  :»  ^a«t  vju- 
sdidation  of  tke  Fu;«?f(t3ak  trutr.  -j^  ':^ift  ^sazx^  irjn  ^xjut 


We  may  now  yrxx/tc  Vj  Ci«rr.vt  irjcif^ 
trating  the  wogat  vA  }r»w2?»  'A  xia  ^zzstjvysMX*.  Tv 
prove  that  air  ha»  vcacbL  iui>  i  Jar?^  ^^^V^  ''-  •^^^^^''^  '^xs^ 
fitted  with  a  ttop-ovtJL.  S',t»-w  t>«*  V-cit  v^  tbt  j*aat  '/ 
the  air  pomp,  and  a&r  eziA7»rJz,2^  tztt  sr,  van*  ibt  ^^icz. 
Sospend  the  l^r/adt  to  one  ecid  <Ciif  ac  ^crzaLe  UkJasxt,  vA 
eoonterpoise  it  with  soflkient  wei^tts.   When  uii*  hai  been 


done,  admit  the  air  again,  and  it  will  be  found  that  the  ami 
of  the  balance  to  which  the  bottle  ia  attached,  will  prepon- 
derate. Many  experimentB  have  been  made  to  detemune 
the  weight  or  specific  gravity  of  atmoBpheric  air.  Ricciolu* 
estimates  it  compared  with  water  as  1  to  lUOO ;  Meisenne 
as  I  to  1300;  Lana  as  1  to  G40;  Galileo  as  1  to  400  i  Boyle 
as  1  to  1000 ;  but  we  can  best  depend  upon  the  results  of 
Sir  George  Tliuckburgh,  who  found  the  ratio  to  he  as  1  t« 
836. 

To  prove  the  downward  pressure  of  the  atmosphere,  ire 
Eoay  adopt  either  of  the  followiug  experiments  : — 

1.  Take  a  small  glass  receiver,  open  at  both  ends,  one 
being  ground  to  fit  the  plate  of  an  air  pump  accurately,  and 
the  other  closed  by  a  piece  of  bladder  tied  over  it ;  place 
this  upon  the  air  pump,  and  proceed  to  exhaust  the  air  it 
contains,  llie  downward  pressure  of  the  air  will  soon  be 
obseri'ed  causing  a  strain  upon  the  bladder  which  will  burst 
as  Boon  as  the  counteracting  force  within  ia  removed.  A 
flat  piece  of  window  glass  may  be  broken  in  the  asam 
manner. 

2.  Place  a  receiver,  having  a  small  hole  at  the  top,  lEpOn 
the  plate  of  a  pump,  and  covering  the  opening  with  the 
palm  of  the  hand,  proceed  to  exhaust  the  air.  A  consider^ 
able  pressure  will  immediately  be  felt  upon  the  back  of  the 
hand  wliich  increases  as  the  exhaustion  proceeds,  and  the 
hand  will  be  so  firmly  pressed  to  the  receiver,  that  it  can 
scarcely  he  removed  without  readmitting  the  air. 

3.  There  is  an  interesting  experiment  which  may  be  em- 
ployed either  lo  jirove  the  porosity  of  vegetable  Bubelances, 


i  preBsure  of  the  atiiKM|iherir.  If  u  tmp  fitrwutd  uf 
r,  cr  any  otlier  porotu  vood«  Ur  attitchvd  tv  n  Itrmit 
90  as  to  dose  the  aperture  vf  au  upeu  rec«iv«r.  tu«r«;ury 
«niade  to  pass  throofA  it  whusv  tbr  itit«rtiiiJ  air  u 
red.  by  the  action  of  the  air  puiup-    it  will  U*  uwMHb 

0  caation  the  atodeot  that  irreat  can-  tittMt  U-  UikMi 
tfonning  this  experiment,  fur  if  the  tsi«i<:ury  tfUuiUd 
the  pump,  it  inll  amal^^amaltr  wttii  tU-  itieUl  autl  mti 
injure  the  action  of  the  iiMftrutueiit 

t  the  preseure  of  the  air  an  upwartU  a*-  wnV  w  duwii 
I,  a  fact  which  may  be  eaaily  prtnvtl     l^iU  a  wiim;  KbaK 
mbler  with  water,  and  pkce  uij  lU  nutiafx:  a  pMci;  uf 
oard;  invert  the  rtmmA  wo  that  iu>  tuuutl  timy  W  <i(iivii 
\,  and  the  card  wiD  ranaiii  aunp^suiUsd  by  Um;  pcwMticr 
B  air,  although  it  m  htsumt^  tbt  whsjfW  wei|^  uf  thr 

* 

• 

prove  that  the  prewurt  im  m  t*x^rv  dir^fiiini,  w«  uiUMt 

jg       use  an  apparatus  ciilk:d  tu^  Maj^debur^  bbtui«»> 

^         phereff,  ^fi^.  16.  7Vg  b»:riujHpli»5ri«»J  cuj*  art  tw 

_^       formed  in  hnm  or  any  viuvr  burd  metal,  that 

when  placed  tujfetb^r  tU^ry   xxiay   lit  atr-liidit- 

To  one  of  tbeivt  a  bandit  if  attaclied,  aud  Vj 

1  the  other  a  «crew  fittiiijir  tbt  air  pump.  A 
b  email  hole  i«  madt  iti  tbe  ceutnr  uf  the  «crew, 

forming;  a  counexit/ii  betweeu  the  air  pump 
the  interior  of  the  dotted  bemivphere«.  To  uae  tht 
mient,  attach  one  benuKpbere  to  ihe  plate  of  the  pomp, 
et  the  odier  be  fixed  firmly  upon  it  Exhanvt  the  air, 
the  two  cops  irhicb  might  hare  been  before  aepa- 


? 
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vated  by  a  child,  will  require  the  force  of  two  strong 
to  pull  tbem  asunder.  The  force  required  to  separate  dte 
hemiapheres  will  depend  upon  thur  diameter  and  the  d^ 
gree  of  exhaustion.  Supposing  the  diameter  to  be  four 
inches,  the  area  of  the  section  will  be 

4  X  7854=12-5e6i  inches, 
and  if  the  pressure  he  IBlbs.  on  the  square  inch,  a  fowe 
will  he  required  to  separate  them  equal  to 
12'5664  X  15=lS8lbs. 
Many  fountains  and  springs  of  water  may  be  attributed 
.to  the  pressure  of  the  atmosphere.  In  some  countries  va«l 
colunuB  of  water  are  ejected  from  beneath  the  surface  of  t)ie 
earth  to  a  considerable  height ;  the  Geyser  of  Iceland  is  an  ei- 
ample.  We  do  not  mean  to  assert  that  it  is  produced  by  thSs 
cauae,  hut  it  is  an  effect  similar  to  that  which  would  be  pro- 
duced by  atmospheric  pressure.  To  show  how  atmospheric  1 
pressure  may  act  in  the  ejection  of  a  vertical  column  of  water, 
we  may  introduce  an  experiment  easily  performed  by  any  Of 
om-  readers  who  are  in  possession  of  an  air  pump.  Opti- 
dana  are  aecustotned  to  make  a  plate  with  a  stop  cock  at- 
tached to  its  tube  for  receivers,  which  may  be  screwed  tm 
at  pleasure  \o  the  air  pump.  If  a  long  receiver  be  placed 
on  one  of  these,  and  the  contained  air  be  eihausled,  the 
whole  of  the  apparatus  may  be  removed  from  the  air  pump, 
and  a  beautiful  jet  exhibited.  Plunge  the  lower  end  of  the 
tube  into  an  open  vessel  containing  water,  and  immediatdy 
the  stop  cock  is  turned,  the  water  ivill  nish  through  the 
aperture  and  ascend  to  the  top  of  the  receiver,  forming  bo 
nrtificia!  fountain.     This  effect  is  due  to  the  external  pM>>| 


IMPORTANCX   or  ATMOVPHZatlt    mistwi  tiL  J  U{ 

of  the  atmospliere  Mctiog  ixjfOL  txiir  aur&m  of  tut  wnvr- 
eontiiiied  in  the  TeseeL  A»  tWrt  »  m  TwMitijr  lui^ji  n 
die  interior  of  the  reonrtr,  tut  wawr  uiuv.  a'.'.muifi^'  u 
^  one  principle  of  equillliriuix..  iur*siiV*  •'Mmuu^  i/* 
forced  upwards  in  a  perpendirnijar  liircniui. 

The  influence  of  atmovplitri'.'  pnjwHu**  u  «v  itirpt^nair  tua 
we  may  speak  of  it  ac  a  priiicipit  wui*:!-  uuii*s»  aut  j;iv«s: 
stability  to  the  whole  fnaxMrwurj:  u5  uaiut*.  7'iiifi|£<  umiuai* 
and  inanimate  are  alike  ix»Qeln«ci  vi/  r.  sir  tm  '.auiinuau'j*  ti* 
their  forma,  constitutiozw.  auc  tn«i.  1^114-.  Itjan;  t/  tip 
nibstancea  which  ynsiMfux  to  im  tiit  aiip«:;a!<tij'P^  u.  ^uijOr  aiii 
liquidfl  would  be,  wbhoux  itt  cuuuuliui^  iithu*:u«>.  Luilu^r 
in  apace,  as  attenuated  and  ainauiii  iu2;An«;^)r.iuit  vaiiuun- .  V  v 
imagine  a  world  without  an  utmunpuv?* .  auc  it  unuj/entvun 
approaching  to  that  of  the  trupA*%.  iuuh!  uriij^  lo  uuf  mdi^. 
nation  a  aterilit}',  whicL  «i'«»  thovt  vuo  utf.\k  t-2Vhi«c  tiJt  i».t:i. 
bian  deaerte  cannot  pomaUlT  cuuce'vt.  Viuiuui  tut  cneniti 
piiessure  of  the  atmo^pxiert..  vut  ua'^h:  ^''lui..  iutiueii':t  uf  tii« 
son  would  produce  a  ii:j#oriKaiiUL,  viuvl  :l  i.  !*?«'  ui^ni*.ijr 
would  exhaust  our  riv«r>  u^fj  tj*xnuh.  au'.  hs^jta  u<t  uiUKt 
hunuiant  and  fertale  vpot  si  v'iiQenA»;«*^ .  Jf  wt  'joxrii^fn  wiU 
this  picture  of  desbolatioL  tLt  vixaj^  ^.'/hcii'jt  cif  iijfriit.  r^* 
we  should  rather  sav,  lu  hHpyy  ezutsLeLtot  u£ia«.'  acr  c<f 
the  circumstances  vitli  ti'liirj:;  «-«  ajt  a'^^juajixteo  wiui  Tl. 
we  shall  hare  some,  but  au  inxperfect  aQ«&  of  tbt  iru;KjinaE«c<: 
of  the  terrestnaJ  aliDM^pLert,  bo  far  au  relau^  Vj  tU;  i£i£uenc«: 
of  its  pressure.  Wt  may  iiuagiiie  creature^'  hvinic  vitLout 
air,  but  it  is  scarcely  pofeKbk  to  hrthiniM:  any  form  of  oiif^- 
nised  life,  constructed  iiith  vessels,  and  £uid«  mvving  ii. 
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them,  without  an  external  force  capable  of  r 
expansive  powers.  K  our  own  atmoBphere  were  reinoi 
the  sources  of  animal  life  would  instantly  become  the  Bgi 
of  death. 

The  vessels  and  their  fluids  might  still  continue  paiti 
the  Hnimal  system,  but  their  mysterious  revolutions  wc 
be  instantly  destroyed  by  their  own  energ)',  and  the  cai 
which  are  now  the  reservoirs  of  life  and  actiiity  would  b 
once  incapacitated  for  the  conveyance  of  those  streams  iri 
it  ia  now  their  duty  to  transmit,  from  one  portion  of 
body  to  the  other.  The  blood-vessels  of  men  and  aniai 
would  burst,  if  the  external  pressure  were  removed,  and 
juices  of  plants  would  exude  through  their  thick  but  pta 
coatings.  Life  in  fact  would  be  instantly  extinct  upon 
surface  of  this  earth,  if  the  atmosphere  were  withdnt 
even  although  it  were  possible  for  animals  to  exist  witli 
oxygen,  and  plants  without  nitrogen. 

The  wisdom  and  benevolence  of  the  Deity,  is  not  in  i 
case  more  strikingly  displayed  than  in  the  provision  of  a  ft 
capable  of  neutrahzing  the  destructive  powers  which  B 
within  us.  We  may  learn  from  all  the  conditiona  of  nati 
and  from  none  more  than  that  we  have  been  considering,  1 
we  are  the  especial  objects  of  his  solicitude,  and  that  ev 
kw  of  nature  has  been  established  with  a  view  to  our  suppi 
happiness,  and  gratitude.  And  although  there  are  big 
motives  as  incentives  to  our  love,  yet  we  may  draw,  actni 
by  the  principles  of  revealed  religion,  from  external  nai 
motives  to  obedience  and  adoration.  It  was  in  His  p0 
simply  by  the  increase  ur  decrease  of  pressure  to  have  m 
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Torricelli,  who  had  been  Galileo's  pupil,  was  not  satis- 
fied with  this  explanation,  and  commenced  an  investigation 
of  the  phenomena.  After  performing  a  series  of  interesting 
experiments,  he  was  led  to  the  conclusion  that  water  could 
not  rise  in  an  exhausted  tube  to  a  greater  height  than  thirty- 
four  feet,  because  it  then  exactly  counterpoised  the  pressure 
of  a  column  of  atmospheric  air,  having  a  base  of  the  same 
dimension.  It  then  occurred  to  him  that  the  same  force 
ought  to  support  a  colimm  of  mercury ;  but  as  mercury  is 
about  four  times  heavier  than  water,  its  height  should  not 
exceed  29  or  30  inches.  The  result  was  as  he  expected, 
and  his  hypothesis  was  confirmed ;  but  he  is  said  to  have 
regretted  that  the  discovery  had  not  been  made  by  Galileo, 
whom  he  greatly  respected,  and  considered  to  have  almost 
a  claim  to  the  discovery.  Valerianus  Magnus  published 
the  experiments  of  Torricelli  at  Warsaw  as  his  own,  with 
an  impudence  seldom  practised  even  by  pretenders  to  phi- 
losophical discoveries.  His  claims  to  the  honour  have, 
however,  been  supported  by  some  writers. 

The  conclusive  experiments  to  which  we  have  referred, 
may  be  easily  repeated  by  the  reader. 

Take  a  glass  tube,  having  one  end  hermetically  sealed, 
and,  filling  it  with  mercury,  place  the  open  end  in  a  cup 
containing  the  same  metal,  and  be  careful  that  no  air  shall 
enter  the  tube.  It  will  be  found,  that  the  mercury  will  be 
suspended  in  the  tube  to  the  height  of  about  thirty  inches 
from  the  surface  of  the  metal  in  the  cup,  and  will  there  re- 
main stationary.  In  this  position  the  mercury  in  the  tube 
exerts  exactly  the  same  pressure  upon  that  in  the  cup,  as  the 
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^^^^L    the  same  baae,  water  cannot  be  ever  raised  to  a  greater 
^^H    height. 

^^^H  ThJB  ingenious  experiment  did  not  gain  lor  Torricelli  an 
^^^H  immediate  reception  of  his  theory.  There  were  many  philo- 
^^^^1  Rophera  in  Europe,  who  still  preferred  the  supposed  principle 
^^^H  fiya  vacta.  The  young  Pascal,  however,  became  its  defender, 
^^^H  fuid  at  the  age  of  twent)--three  published  his  clever  work 
^^^^B  *'E.\p^riences  Nouvelles  touchaDt  le  Vuide."  To  him  also 
^^^^K  we  are  indebted  for  the  suggestion  of  an  experiment  that  cc 
^^^^m  firmed  the  opinions  of  TorriceUi.  Having  proved  that  when 
^^^™  the  air  was  removed  from  the  surface  of  the  mercury  ii 
W  cup,  the  column  fell,   he  induced  M.  Perrier,  his  brotber- 

I  in-law  to  ascend  the  Puy  de  D6me,  a  mountiiin  in  Auvergne, 

^^^K  in  order  to  ascertain  the  elFect  produced  by  bringing  it  into 
^^^H  situations  where  it  would  have  a  less  column  of  the  atmos- 
^^^H  phere  to  support.  The  result  was  as  he  anticipated;  the 
column  of  mercury  decreased  in  height  just  in  proportion  tc 
the  elevation  to  which  it  was  carried.  This  may  be  conn- 
dered  as  the  first  barometer  that  was  ever  made. 

The  barometer  is  an  instrument  used  to  determine  the 
changes  produced  in  the  pressure  of  the  atmosphere  by  heat 
or  other  causes.  If  we  take  a  glass  tube  about  three  or  four 
and  thirty  inches  in  length,  and,  filling  it  with  mercury,  invert 
itintoacup  containing  the  same  fluid,  the  mercury  will  begin 
to  fall  as  soon  as  the  finger  is  removed  from  the  open  end,  and 
oscillate  up  and  down  several  times,  at  last  fixing  itself  at  ■ 
height  of  between  twenty-eight  and  thirty  inches.  This  CO- 
rioua  effect  can  he  accounted  for  only  in  one  way,  and  that 
is,  by  supposing  the  column  of  mercury  to  c 
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ns pRHnre  cf  IS  ^tniffTnritir'r'  cmniiic :  f cr*  sminlxii^  to  tin 
pradpiiK  <iE  Aniocw.  tiac  inrr  voiunK  will  twvt 
lev^  jib^  JIB!  'ill.'  I  roiciiL.  r  nu^  ik  mnninflpd.  T( 
lovoDlcf  dvtn&e  imn  -ait -vesfiel.  Ah&nuct  thif  if  nn: 
Ae  mol^  dv  fanr  Ecdecvt  ti  jf  nn:  n:  sry  uecrm  nrrBdrd 
ne  toibe  ii  fine  fiDiei  ^rm  jun  iiu! } .  and  ukis  ]ilixiurpd  mtc 
a  iCMiiiiii  cf  die  flm»  ligmd.  Hiot  ost  then  two  icFcrt 
iftiiiy  iqioii  dkc  sofiuK-i  ens  if  idv  jueiwiiJi  of  thr  asinos- 
ptmBp  sua  ukc  ocbor  i&v  jnaBiST  of  inf  mesmruj  miliznxii 
When  tlicae  two  aiv  cxacsjr  «giBL  rcfii  xduri  bf  thr  ivnih. 
Tbe  macnry  eoaid  bok  fiH  is  the  tnbr  xmiCfiF  nne  oftiie 
felt  Inn  of  mtme  mf  deBtrpred.  It  b&»  Iimsi  pnnvd  thai 
BHtter  ii  inat  and  pnTmed  br  forrefi.  asd  conM^qufnthr 
wliai  two  cqoil  foras  arr  artmg  npcm  aar  mbfOmre,  and  in 
eoiiliary  dfanectioiiSy  lot  iin»c  be  the  efiecL  Ii  is  diuf  thai 
the  umt'iui  is  Hipymted  in  the  rabr. 

Fkom  a  rarictr  of  obanrrationF  made  upon  the  baixmMier. 
it  is  found  that  the  length  of  the  column  vines  aecc^rdimr  Ti« 
the  condition  of  the  atmosphere.  In  this  country  it  has 
stood  as  low  as  twentT-«ight  inches,  and  as  high  as  thirty- 
one.  This  has  happened  at  the  level  of  the  sea.  If  it  bo 
earned  to  a  greater  height,  the  column  will  alwaA's  bo- 
come  shorter,  for  the  mercury  has  then  a  shorter  ci^hunn  of 
the  atmosphere  to  support,  and  also  one  whose  density  l)e- 
eomes  raindly  less  and  less. 

It  is  supposed  by  some  persons,  that  the  changes  in  the 
atmosphere  may  be  predicted  by  the  barometer,  and  ti>  some 
degree  they  may.  The  alteration  of  weight  is  clearly  indi- 
cated by  the  &11  and  rise  of  the  barometer ;  but  it  does  not 
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explain  the  cause  from  which  that  alteration  proceed.  Me- 
teorologists are  very  imperfectly  acquainted  with  Uie  caoses, 
directions,  and  influences  of  the  contending  currents  fre- 
quently produced  in  the  atmosphere.  There  are  general 
rules  by  which  an  experienced  observer  may  gather  some  in- 
formation from  the  rise  or  fall  of  the  mercury,  but  the  system 
usually  adopted  is  hardly  less  than  childish. 

Barometers  are  also  used  to  determine  the  height  of 
mountains  and  other  elevations,  above  the  surface  of  the 
earth.  As  there  is  a  relation  between  the  height  of  a  column 
of  mercury,  and  the  column  of  atmospheric  air  which  sup- 
ports it,  there  must  evidently  be  a  means  of  measuring  an 
elevation  by  the  barometer.  Many  attempts  have  been  made 
to  reduce  the  methods  usually  adopted  to  a  system ;  but 
difficulties  presented  themselves,  which  were  not  at  first  per- 
ceived. We  may  now,  however,  apply  this  method  of  mea- 
surement with  great  facility,  and  obtain  results  which  have 
a  claim  to  accuracy. 


ELASTICITY    OF   AIR. 

Elasticity  is  one  of  the  most  striking  properties  of  atmo- 
spheric air.  If  we  take  a  syringe  to  the  end  of  which  a  solid 
piece  of  metal  is  attached,  the  piston,  being  air  tight,  may 
be  forced  downwards  to  a  considerable  distance.  The  air, 
therefore,  in  the  tube  or  syringe,  suffers  compression;  but 
as  soon  as  the  pressure  on  the  piston  is  removed,  the  air 
recovers  its  former  volume,  and  the  piston  is  driven  back 
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.    So  iibo»  if  the  pufeoB  hn  anrrr  «  itt-  «>i«m«.  t*   :^ 
and  be  dnwn  ap  to  au:  Vi««    i**'  4^-    «r^-  .    u^ 
bsre  only  occupied  the  ^tiwsk  <f   i*^ir  i^-.-.  vj^-  .#   i^:^ ^ 
ID  iD  die  whole  of  the  tobe. 

fkom  these  two  erpermtaum  «»  iijr-.-;-^c^  \^  «-  ^ 
nriouB  densities  aceordinir  v«  '=kr  r-^ris&ji'MUf'.v  uuf-^r-  « ..«. 
it  is  placed.  In  the  inHGBuv:  '/  virAr^r^j^tt^.t.  i*-  .»r^  . 
wai  great,  in  that  of  nnla/r:dA  v^mt 
the  same  thing  holds  good  vsl  narjM 
Hie  density  of  the  atniMpoeft  ac  4er  a^j-j-j^  -^jc^  --  . -«' 
ia  proportion  to  the  wa^snwjjesr^as:  saa— >  /  «^  .-.i*^.*^-. 
■r  is  so  very  th^dCf  it  «e:fc?«  v/cjftr>r!c.^.  v.<o>r.;<Bci. .-: 
ia  the  lower  regioDs  of  taac  assMMe^^^es*:  w^^Tf*:  «:  .#ss^r  s.^: 
pnssnre ;  and  it  exteBO  s«ft^  ar  s:>m  =.  i^.  i^i^r^  fiqjC-'Xtf 
where  there  is  no  fotrtt  tc  x«r^R.^t»:  5>  <uiar.4>:r.,^  'l'-^-. 
Untmn  of  air  immedbaor*  a.  K-jtrj^r.  ^x:^.  u«t  vu?1m<.»  / 
the  earth  is  more  deoM  ?:;ai£.  4s^-^  ^^z^'.  ::  ,^se.\»m  r.  »'.Ar^'.- 
a  greater  pregauie,  as^  r*  varL-:-*!-  -^k  vxi»c-.  ;#ciit.ii  ">?v*-*'-'. 
into  closer  contact.  JL^«f?7  rt»r-,  ::j«r;ii'i'-f;«:  ii?  »*  «««.r-Mi 
from  the  general  >rt:l  vf  ::i<t  «afti..  ::a  jut  ',Ar'.vui«fr  1«^ 
dense  becaose  it  vusuuxie  ^  «•:«*  ;in»«u;^.  axiC  :>  pfiir:i<:i» 
are  not  so  dose  v^  ea^  <xurf 

The  great  lav  <jf  tiit  «ia«tifrity  of  tat  air  i».  tba*.  i:  m- 
oeaees  proporucfluur  witL  txit  deufny.  1  ue  air  eseru.  a^ 
we  hare  already  bbown,  a  pre««iire  uf  fifurec  puuDQ^  upon 
every  square  indb  at  the  surfiace  of  the  earth,  that  i«  the 
lowest  stratum  of  ur  is  confined  in  tix^  preaeut  bulk,  or  ha» 
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iu  present  density  hj  a  pressure  of  fifteen  pounds  upon  « 
iquare  inch.     If  that  pressure  were  removed,  then  il 
aty  would  cause  it  to  expand  and  fill  a  much  larger  B] 
But  if  we  would  give  it  a  double  densit}',  that  is,  reduce  it 
bulk  to  one  half,  then  a  pressure  of  thirty  pounds  must  bi 
exerted  on  every  equare  inch,  and  if  a  triple  density  be  re- 
quired, a  triple  pressure  tnuet  be  exerted,  because  its  elasticity 
would  be  increased  in  die  same  proportion.     This  is  what  it 
I  meant  by  the  expression,  that  the  elasticity  of  the  e 
;b  proportionally  with  the  density. 
:  US  for  illustration  imagine  that  we  are  placet 
I  Bituation  where  there  is  no  atmosphere  i  in  order  to  keep 
I  a  portion  of  air  at  the  same  density  as  that  on  the  surface 
I   of  the  earth,  we  must  confine  it  with  a  pressure  of  fifteen 
1  pounds  on  every   square   inch,   at  a  double   density  with 
1  pressure  of  thirty  pounds,  and   bo   on,  for  its  elasticity 
increases  with  the  density. 

We  do  not,  however,  know  to  what  extent  the  rareficar 

tion  of  air  may  be  extended  by  the  removal  of  presBUre,  but 

the  particles  will  continue  to  separate  until  their  gravity  jiut 

I  balances  their  mutual  repidaion.     The  extreme  elasticity 

'  of  the  air,  when  the  pressure  is  reheved,  may  be  se 

simple  experiment. 

Take  a  bladder  containing  a  small  quantity  of  a 
plaping  a  weight  of  nearly  fifteen  pounds  upon  it,  let  it  be 
put  under  the  receiver  of  an  air  pump,  and  the  air  in  the 
receiver  be  exhausted.  Ae  the  process  goes  on,  the  bladder 
will  be  more  and  more  indated,  and  at  last  raise  the  maghd.a 
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wg  Aat  Ae  oqMiiiion  inatMam  witb  Um  dmuiAuiMiu 
juwm..  Anotlier  ezperiment  of  a  diflereut  kind  ui»y 
detoflluitnte  tbe  sune  fact 

se  a  bulb  oontainiiig  coloured  water,  Umt  uppfT  piui 
3^  a  little  air»  and  place  tbe  Mtcm  in  a  glaM  «:viiuuuiii|; 
me  fluid.  Pat  the  whole  apparatiM  under  a  r«<:rtv«'j- 
chamtit;  the  preaaure  of  the  air  beju|t;  reiui^v^d,  lU 
ity  causes  it  to  expand,  and  to  fiJJ  iIav  wUoW  vf  tltr 
forcing  the  liquid  into  the  glaaa  veaad. 
illuatrate  the  law  still  more  clearly,  that  Hiw  ehmtM^iiy 
nroportion  to  the  densttjr,  anotlMsr  exprriiueul  may  U* 
fl^lS-  made.    Let  A,  B,f  M>  %  l«  :  W  iht; 

I  aection  of  a  cylinder  one  inch  mjuaiv, 

^^^^^1B     and  P  a  pustoo  moving  iu  it  air  ti^bt. 

Now  let  the  preiwure  upon  the  piatoo 
be  equal  to  fifttieu  pouiidit,  then  it  ia 
clear  thai  the  elaatir  forc«  i«  equal  to 
the  same,  or  Hit  pitHuu  would  not  re- 
main in  lt«  potjitiou.  11m;  piatoo  may 
then  be  loaded  with  a  fifteen  pound 
weight,  and  tbe  pressure  ejcerted  upon 
be  equal  to  thirty  jxiund.  'J  lie  elaatlc  force  is  not 
to  this,  and  the  piston  wiU  i<ink,  to  half  the  depth  of 
Hnder.  Its  elastic  force,  therefore,  must  be  twice  as 
in  the  present  situation  of  the  piston  as  it  was  at  first, 
le  air  is  compressed  into  half  the  space.  Hence  it  will 
r,  that  the  elasticity  increases  proportionally  intb  the 

ain,  let  A,  B,  C,  D,  fig.  19,  be  a  bent  tube,  and 


D 


Fig,  19.  let  the  short  leg  have  a  stopeoek  attach 
at  D.  The  stopcock  being  open  po 
in  the  mercury  to  the  heij^ht  BC.  No 
according  to  the  law  of  hydrosrtatic  pit 
Hure,  the  surface  of  the  mercury  in  i 
two  arms  will  be  level.  While  the  sto 
cock  is  open,  the  pressure  of  the  atmc 
phere  upon  both  these  surfaces  is  eqiu 
but  close  the  stopcock,  and  you  entii4 
remove  the  pressure  upon  the  leg  BC-  B 
the  elasticity  of  the  enclosed  air  is  equal  to  the  pressure 
the  atmosphere,  or  it  would  not  have  had  that  particular  da 
sity.  The  level  of  the  mercury  will  therefore  reintua  tl 
game  in  both  arms  of  the  syphon. 

The  tube  BB  may  now  be  filled  with  mercury  to  the  heig 
of  thirty  inches,  which  eierts  a  pressure  equal  to  that  of  i 
atmospheric,  and  the  following  conditions  will  he  obtaiiu 
The  surface  B  is  sustaining  a  pressure  equal  to 
pounds,  one  half  produced  by  the  atmosphere,  and  the  otli 
by  the  superincumbent  mercury.  ITiere  is  on  the  other  hai 
only  a  force  equal  to  fifteen  pounds  on  the  surface  C,  aris 
from  the  elasticity  of  the  enclosed  air.  In  consequence 
air  Buffers  compression  until  it  has  acquired  an  elastic  for 
sufficient  to  lialance  the  increased  preasiue,  which 
have  when  reduced  into  half  its  former  bulk. 

It  must  not,  however,  be  forgotten  that  there  is  another  It 
by  which  the  elastic  force  of  air  is  governed — it  increaa 
the  temperature,  although  the  density  is  diminished.  Thisli 
may  be  shown  approximately  by  a  simple  experiment :  take 
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kecid  bladder,  and  immciae  it  m  htx  vaoar :.  -ae  lioiXiSir  t-II 
be  gradually  inflated  by  rcawn  of  :he  iber<!aflf!f i  euiicnr?  ir 
die  air,  though  the  density  b  evidncr  27«Ki7  umuuMxe;!. 

Before  we  proceed  further  in  cor  isv^acoaCAa  if  "sut  ^ri' 
peities  of  air,  it  win  be  necewifr  v>  'SeierhA  -:3k  v.OMcru-.' 
tkm  of  those  instraments  cntpioy^i  Sx  x»  Tr.mienMfici:a  lOii 
larefication.  An  increased  densxr  r,T  73r^£aiff:j.\tL  suimc  ;&m. 
be  given  to  the  air  contuned  in  scnae  pirsimiar  -^^wifti.  uui 
Ae  mechanical  contrivances  taififmi  irt  *r.ixiicni:M?i  isr.R. 
As  known  pfrinciples  or  kvs  of  cuHCie  fiufii.  *'^jcii-.n=  u. 
^psratos  by  which  any  partieolsr  tease  '-.f  ih^  iiuii  3107  He 
obtained,  it  would  be  impocnbie  to  trAuimrr,  \  vAsr^  :f  ^car- 
Pig.  20.  ^^  enqmran. 

In  order  to  eoariecAe  lir,  tcac  »,  % 
force  into  any  tpa£«  a  5arz«r  «^pusssr 
than  it  oxxta^  nxc  "^  trzd  'zam 
a  free  corr.Tnr?:agi.:i  •nii. 'i 
sphere,  wc  criploj  is.  2l«« 
called  the  conrieiuin^  Piric^re,  tije 
construction  of  which  viU  be  under- 
stood by  refSerence  to  fig.  20. 

Let  A,  B,  C,  D,  fig.  20,  be  a  cy- 
linder, with  a  tube  T  attached :  P  is 
a  piston  moving  air  tight  in  the  cylin- 
der, and  having  an  aperture  «r  to  the 
under  surface  of  which  a  valve  open- 
ing downward  is  affixed :  «  is  a  stop- 
cock to  the  tube  T,  and  to  the  end 
of  the  tube  a  valve  is  attached  opening  downwards.     R  is 


s  required  to  condeDBe  B  certain  quai 
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Let  ue  imagine  the  stopcock  to  be  open,  and  the 
ton  to  be  at  the  top  of  the  cyUnder.  There  is  nowm 
the  cylinder  a  quantity  of  air,  having  the  same  density  ai 
atmosphere.  Press  the  piston  downwards,  and  as  it  pi 
along  it  will  compress  the  air  before  it,  and  as  its 
tie  force  increases  with  its  density,  the  valve  will  be  ope 
and  the  air  mil  rush  into  the  receiver.  The  valve  is 
closed  by  the  superior  force  of  the  interior  air,  which  t 
to  force  it  outwards.  As  the  piston  is  drawn  up  (nni 
bottom  it  leaves  a  vacuum,  and  the  valve  »,  having  no  I 
below  to  support  it,  is  opened  by  the  preasure  of  tht 
temal  air  and  the  cyhnder  is  again  filled.  The  same 
cesB  may  be  repeated  until  so  much  air  has  been  forced 
the  receiver,  that  the  elastic  force  of  that  eondenaei 
the  piston  in  the  cylinder  shall  be  unable  to  open  the  ' 
in  the  tube. 

Sometimes  a  number  of  these  syringes  are  connected 
made  to  communicate  by  tubes  with  a  single  receiver, 
these  syringes  are  so  arranged  that  they  may  be  woric 
the  same  time,  and  by  the  same  motion.  Such  an  in 
ment  is  called  a  condenser,  and  by  its  use  we  obtain  a 
multiplicetion  of  power,  but  it  is  necessary  that  the  ret 
employed  should  be  exceedingly  strong,  to  resist  the  e 
force  of  the  internal  air. 

The  air  gun  is  an  application  of  the  instrument 
described.  It  is  formed  Uke  the  common  gun,  except  t 
ia  without  a  lock,  and  is  provided  in  its  stead  with  a 
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CONDENSATION   OF  GASES. 


gaseous  substances  could  be  compelled  to  take  the  form  o 
liquids ;  and  that  was  by  subjecting  them  to  so  great  i 
pressure  as  to  neutralize  their  elasticity,  which  we  havi 
already  shown  to  increase  in  proportion  to  the  density.  Mr 
Faraday  accomplished  the  Hquefaction  of  many  of  the  gaaei 
by  subjecting  them  to  the  pressure  of  their  own  atmo- 
spheres. The  substances  from  which  the  gas  is  to  be 
formed,  are  placed  in  a  strong  tube  hermetically  sealed  and 
slightly  bent  in  the  middle.  The  gas  is  then  generated,  and 
the  pressure  in  some  instances  becomes  sufficient  to  con- 
dense it  into  a  liquid,  which  falls  to  the  cool  end  of  the  tube. 
Immediately  the  pressure  is  removed,  the  substance  resumes 
its  gaseous  or  elastic  state. 

All  the  gases  have  not  yet  been  liquefied,  and  those  whidh 
have  suffered  condensation,  require  extremely  variable  pres- 
sures. The  following  is  a  table  of  the  results  obtained  by 
Mr.  Faraday : — 

Sulphureous  acid  gas     .     .      2  atmospheres  at  45°  F. 

Sulphuretted  hydrogen  gas    17 50°  F. 

Carbonic  acid  gas      ...    36     ...     *     .     32°  F. 

Chlorine  gas 4 60°  F. 

Nitrous  oxide  gas     ...     50 45°  F. 

Cyanogen  gas 3*6        ....    50°  F. 

Ammoniacal  gas  ....    6*5        ....     50°  F. 

Muriatic  acid  gas      ...    40 50°  F. 

We  must  now  endeavour  to  describe  the  means  by  which 
the  atmospheric  air,  contained  in  any  vessel,  may  be  rare- 
fied ;  and  for  this  pmpose  two  instruments  have  been  in- 
vented— ^the  exhausting  syringe,  and  the  air  pump. 
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The  air  pomp  is  but  a  modification  of  the  ekhauatog 
syringe.    It  is  constructed  in  Taiioos  w^je,  but  its  prind^ 
in  every  instance  is  the  same.     Its  general  action  may  ht 
Fig.  22.  described  by  reference  k 

fig,  23,  which  ia  a  section* 
view  of  its  constnictioii 
Let  R  be  a  receiver  fis 
exhaustion,  restiiig  npn 
a  smooth  and  evuit] 
ground  plate  pp.  flu 
receiver  and  cylinder  i 
are  connected  by  a  tabe 
and  the  aperture  at  tb 
cylinder  end  is  coT«m 
y  a  piece  of  silk,  eani; 
moved  upwards,  whid 
acts  as  a  valve.  P  is  a  piston  working  air  tight  in  the  cyhn 
der,  c  a  valve  in  it  opening  outwards. 

The  principle  of  action  in  this  machine  is  very  simpk 
Let  US  suppose  the  piston  to  be  at  the  bottom  of  the  cyliu 
der.  Of  course  there  is  no  air  between  the  bottom  of  th 
piston,  and  the  bottom  of  the  cylinder.  The  piston  ia  noi 
drawn  up  and  a  vacuum  is  left.  The  pressure  of  the  atnm 
sphere  is  removed  from  the  top  of  the  cylinder  valve,  an 
the  elasticity  of  the  inclosed  ur  in  consequence  opens  It 
and  a  portion  of  that  contained  in  the  receiver  and  conned 
ing  tube  rushes  into  the  cylinder  c.  Immediately  the  jui 
ton  begins  to  descend,  the  denmty  of  the  air  in  the  cyUi 
der  is  increased,   and  the  cylinder  valve  is  closed:   whe 
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GUAGE   TO    AIR   PUMP. 


The  formation  of  aqueous  vapour  in  the  receiver  during 
rarefaction,  will  also  prevent  us  from  ever  producing  a  per- 
feet  vacuum.  It  is  stated  by  Mr.  Cavendish  that  water  is 
turned  into  vapour  at  the  temperature  of  72°  F.,  when  the 
pressure  is  not  more  than  ^  of  the  atmospheric  pressure^ 
that  is,  when  the  pressure  of  the  air  cannot  sustain  more  thai 
three-fourths  of  an  inch  of  mercury.  Now  in  every  pump, 
to  whatever  degree  of  artificial  dryness  it  may  be  brought^ 
there  must  be  some  moisture  adhering,  which  will  turn  to 
vapour  when  the  exhaustion  arrives  at  a  certain  point,  that 
is  a  degree  proportional  to  its  temperature. 

The  property  of  the  rise  and  fall  of  hquids  in  tubes,  may 
be  conveniently  used  to  determine  the  degree  of  rarefaction 
in  the  receiver  of  an  air  pimip. 
That  in  which  mercury  is  made  to  rise  is  the  most  fre- 
Fig.  23.  quently  used.  Let  A  B,  fig.  23,  be  the  plate 

of  an  air  pump,  and  T  a  tube  open  at 
both  ends  ;  one  is  inserted  into  the  plate, 
and  the  other  drops  into  a  vessel  M, 
containing  mercury.  Before  the  process 
:B  of  exhaustion  commences  the  pressure  on 
both  ends  is  the  same,  but  the  tube  being 
connected  with  the  receiver  will  suffer  ex- 
haustion in  the  same  degree  as  the  receiver 
itself.  As  the  air  is  exhausted  from  the 
tube,  the  mercury  must  rise,  because  the 
internal  air  cannot  any  longer  sustain  the 
pressure  of  the  external  air  upon  the  mer- 
cury.   The  colmnn  of  mercury  contained 
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CHAPTER  IV. 


In  the  investigations  we  have  as  yet  entered  into,  our  Btteiv 

tion  has  been  confined  to  the  lawa  which  regulate  matta 

under  its  three  conditions  of  solidfi,  liquids,  and  gases.    Bui 

we  have  had  occasion  to  refer  to  agents  which  have  an  influ' 

ence  upon  substances  in  jirodudng  and  regulating  tbese  con 

ditiona.     These  agents  have  been  very  improperly  temie( 

imponderable  substancea.     Of  all  the  properties 

by  bodies,  weight  is  by  far  the  most  universal. 

have  no  idea  of  matter  without  weight,  and  si 

h  this  opinion  received,  that  most  persons  are 

to  distinguish  spiritual  from  material  eiistence  by  supji^iiij 
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the  former  destitute  of  the  property.  An  Bltempl  ha«  been 
node,  in  a  former  part  of  this  work,  to  demonstrate  that  there 
is  an  attractive  inSuence  exerted  on  all  bodies  by  each  other, 
and  that  weight  is  the  nececeaiy  result  of  this  univereal 
force.  Not  only  is  the  earth  attracted  by  the  sun  and  the 
planetary  bodies,  but  also  by  every  feather  which  floats  in 
the  atmosphere,  and  in  an  equal  proportion  according  to  its 
mas*  and  distance.  When,  therefore,  we  use  the  eijiression 
imponderable  body,  we  imply  the  destitution  of  a  property 
in  material  existence,  without  which  matter  cannot  possibly 
eiist.  The  particles  which  compose  substances  ore  united 
together  by  a  cohesive  force,  supposed  to  be  regulated  by 
one  of  the  go  called  imponderable  agent.''.  But  could  we 
suppose  an  indindual  atom  to  exist  in  space,  and  as  far  dis. 
tant  from  any  combination  of  atom^  as  the  furthest  fued 
alar  is  from  the  earth,  the  property  of  attraction  would  still 
be  in  existence  though  its  inSuence  might  not  be  percep- 
tible. But  let  one  other  particle  be  united  with  this,  and 
thdr  distances  from  each  other  nnd  condition  would  in- 
stantly be  under  the  control  of  heat,  electricity,  and  other 
agents.  We  shall  not  at  present  attempt  to  determine  the 
nature  of  those  forces  called  heal,  electricity,  and  magnetism, 
but  from  the  remarks  which  hare  already  been  made,  it  must 
be  quite  et~ident,  that  we  cannot  adopt  the  same  method  of 
investigation,  in  discussing  these  sciences,  as  we  have  done 
in  those  which  have  before  engaged  our  attention.  We  have 
hitherto  been  speaking  of  the  manner  in  which  substances 
ire  acted  upon  by  forces,  but  we  have  now  to  consider  some 
of  the  forces  themselves,  insensible  frequently  in  their  effects^  i 
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and  yet  haying  the  whole  frame  of  material  existence  under 
their  controL  To  ascertain  the  nature  of  these  forces  is  nol 
at  present  within  the  reach  of  philosophical  enquiry,  but.  il 
will  not  be  difficult  to  trace  the  effects  which  they  produce, 
lliis  we  shall  attempt  to  do,  with  as  much  perspicuity  as  tha 
subject  will  admit,  in  the  following  p 


THE  DILATATION  OF  BODIES  BY  HEAT. 

Of  all  the  effects  produced  upon  bodies  by  the  increaM 
of  temperature,  none  are  more  striking  than  the  enlarge- 
ment of  their  volumes.  We  here  use  the  word  temperature 
to  esrpress  an  effect  or  operation  resulting  from  heat.  Were 
we  to  say  the  effect  produced  upon  bodies  by  the  increase 
of  heat,  we  should  justify  the  supposition  that  the  alteratioo 
was  occasioned  by  the  admiasion  of  a  larger  quantity  of 
heat.  By  temperature  we  mean  the  quantity  of  heat  i 
reference  to  sensation.  Heat  is  frequently  communicated 
to  bodies  under  such  circumstances  that  it  is  inappreciable 
to  the  touch,  a  fact  that  will  be  expliuned  in  another  part 
of  this  chapter.  ITiua  when  we  say  one  body  is  hotter  than 
another,  the  expression  is  synonymous  with  the  assertion, 
that  its  temperature  is  greater.  One  illustration  will  af 
once  convey  to  the  mind  of  the  reader  the  distinction  m ' 
wish  to  draw  between  temperature  and  heat.  Suppose  w» 
take  two  vessels,  one  holding  half  a  pint  of  water  and  the 
other  a  gallon,  and  filling  them  &om  the  same  spring  place 
them  over  a  fire,  they  will  both  boil  after  exposure  foi  *■ 
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iboTt  time,  and  if  a  thermomeler  be  flanged  inc»  eadt.  dw 

mne  effect  wi]]  be  produced,  ibi  ■  to  laj,  liw  mmliuj 

will  be  msed  to  estxiif  the  • 

be  supposed  that  the  half  [nnl  of  nter  !■■•  n 

a  quantity  of  heat  as  the  gaQon,  jrt  their  M 

the  rame,  both  aSectiog  the  thennoinela-  smI  r 

equally. 

Having  explained  the  meamng  attached  to  the  vn«d  turn- 
peiBlure,  we  may  return  to  the  ancrtioa  iriiidi  caBed  far 
these  remarks,  and  endearoar  to  ihow,  by  a  lev  tiuyulw 
experiments,  that  an  increase 
.nearly  all  easea  an  enlai^ement  of  bodie*. 


who  have  inve«ti({a[ed  the  « 

incyease  of  lemperanire,  hare  ^bwid.  J^ .  ipt^eA.   l 
nyjo2)ided  with  many  tUfficuhies.       Of  a&  iolidi  ineUl% 
fflffer  t^  greatest  expansion,  and  of  all  mctalB  lead  ii 
■met  gus^P^^'^  °f  '1^  altcratioa  of  bnllc.     Yet  tbe  ai 
of  di]atatioI^  suffered  by  this  metal,  belwee 
of  lemperature.S"  »"  ™a"  that  it  U  very  *fficall  to  nw^lJ 
■ore  it      When  a  ^>ece  of  lead  at  the  freezing  lempeTatuie 
it  taised  to  that  of  botfng  "^W.  '*«  eipanwon  ia  only  350th 
pwt  of  its  original  diniensions.     It  must  dierefore  Ije  diiB- 
colt  to  construct  an  inrtniwent  in  eucli  a  manner,  and  w 
such  accuracy,  as  shall  cnabu  ub 
merease  of  bulk. 
Esperimentalista  aleo  experience  Jinother  difficulty,  arising  J 
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from  the  equal  expansion  of  tlie  body  in  every  directioa 
If  B  bar  of  iron  be  raised  in  temperature  it  will  eipand  ii 
its  breadth  and  thickness  as  well  as  in  its  length ;  and  as 
substances  must  be  presented  under  a  varietj'  of  figure,  it 
is  almost  impossible  to  have  an  instrument  capable  of  de- 
termining the  increase  (if  volume.  The  instruments  ueuall? 
employed  are  therefore  intended  to  measure  the  expanaioii 
in  length  only.  They  are  called  pyrometers,  and  although 
constructed  in  different  ways  are  bo  arranged  as  to  show 
upon  a  scale  the  amount  of  expansion  at  determ 
peratures  :  one  of  the  best  of  these  is  represented  at  the  head/ 
of  this  chapter 

There  are  many  ways  in  which  we  may  illustrate  the/ 
simple  fact  of  the  exjiansion  of  bodies  by  an  increase  <V 
temjierature.  We  will  mention  a  few  experimento  and  p^ 
nomena  calculated  to  prove  the  universality  of  tlil<r^aaltl 

Fig-  ^5.  C,  fig.  2.1,  is  a  metallic  plate  a^^.an 

-|  apertureoft,  of  suchasizethat  tl.jbiMB 
cylinder,  A  B,  shall  exactly  fit  ft  when 
cold.  To  this  cylinder  is  Mtached  ■ 
handle  of  some  substance  J^i  iog,  hqj  , 
readily  conduct  heat,  /^e  end  of  the 
cyhnder  exactly  fit?,-  jntQ  the  opening 
when  at  the  ordmjftry  temperature.  Al- 
low the  rod  A^  to  remain  for  a  ti 
in  boding  yater,  or  let  it  be  othemriM 
exposed  to  a  high  temperature,'  and  it  will  no  longer  fit  the 
notch  in  the  plate,  nor  wl>nSe  end  of  it  pass  through  the 
hole  *,     Cool  the  bar  by  ijnmersing  it  in  cold  water,  and  it 
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Fig.  26.  will 


M  the  metals  are  iiinduil)  idUt  »*m^fmiim*^m 
Ihsi  Ienipeiatur«s  an  nM^  md  *>  -mam.  m^Mm*  mA 
iijjiiableworlmif  MtMT  Aih^lWi^ilh— Hpi*.  •■« 
,  of  the  most  acmnte  ■rtnMMM  W  *■  « 
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purposes.    The  farrier  places  a  hot  shoe  upon  the  hoof  of 
the  horse,  that  by  its  contraction  it  may  adhere  the  tighter. 
The  cooper  binds  his  caslis  with  hoops  at  a  red  heat  for  the 
same  reason,  and  the  plumber  often  has  occasion  to  employ 
similar  means  for  the  aeeomplishnient  of  his  purposes. 
has  been  already  remarked  that  the  same  increase  of  tei 
perature  does  not  produce  in  all  bodies  the  same  araou 
of  expansion,  a  fact  that  we  need  not  attempt  to  prove,  at 
the  illuGtrations  are  exceedingly  numerous  in  the  most  CO 
mon  operations  of  ciiilized  life.     There  are  however  t 
imjiortant  general  laws,  discovered  by  M.  M.  Lavoisier  and 
Laplace,  which  we  are  compelled  to  notice. 

1.  The  bulk  of  any  body  corresponds,  at  the  same  t 
perature,  whether  the  process  be  that  of  heating  or  cooling. 
In  proportion  as  we  raise  the  temperature  of  a  body  frran 
tbat  of  melting  ice  to  that  of  boiling  water,  we  occasion 
increase  of  bulk,  but  whatever  may  be  the  amount  of  expan- 
sion for  any  increase  of  temperature,  the  same  will  be  the 
amount  of  contraction  for  an  equal  dinunution  of  tempera- 

2.  The  metals  and  glass  suiTer  an  expansion,  between  the 
temperatures  of  melting  ice  and  boiUng  water,  proportional 
to  that  of  mercury.  But  this  expansion  is  not  uniform  ; 
if  the  same  amount  of  increase  in  temperature  be  successively 
appUed,  the  rate  of  dilatation  will  not  necessarily  be  the  same 
throughout. 
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liquiils  are  subject  to 

filstUioD  differs  from  that  ai 
DpoD  them  by  beat  aay  be  ■ 
A  Tery  ready  method  of  lie 
once  suggest  itself  to  the  amid  of  Ac  ■ 
vliidi  re^juires  n 
necessary.  If  ip 
meter  tube,  and  gi 
produced  upon  any  Stpad  k  m^  tamom,  by  la  maam  m 
dimiiiution  of  temfMnnm,  any  im  tamtf  ahmmuA.  TbH 
for  instance,  sappose  ttmn 
ma  which  any  liqiBd  n 
ttniperature  is  ni«d  bomM  to  113  i 
thennoineler ;— wbcn  the  i^tc  has  facea  f^dy  SBki,  A> 
Equid  must  be  fiist  ndnced  to  the  umfintaii  tt  3t  liigiiiM 
by  cooling  mixtores,  and  the  hci^  of  >lw  BqpMt  X  ihMriav 
carefully  observed;  (dange  the  baft  of  dw  t«hc  hI*M^ 
bath,  the  temperature  of  whid  a^ he  iiiiieiiiiilj  niaed 
to  the  height  required,  aiKl  the  txpammm  of  de  eadoacd 
Equid  may  lie  obserrEd  for  erery  nKCcanre  inereaae  of  U^ 
peratnre.  If  then  the  expanjocM  of  the  tube  be  eerimotrf, 
the  change  of  bulk  in  the  lH{iud  will  he  <leterraiiKd.  In  pcr- 
fomung  this  expertment  great  care  most  be  taken  that  no 
portion  of  air  be  contamed  in  the  liquid,  for  as  gases  are  sub- 
ject to  a  more  rapid  expansion  than  liquids,  a  Gctiuoua  re- 
mit would  be  obtained.  There  is  another  error,  of  an  oppo- 
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site  character,  which  mnat  be  ayoided  in  performing  this  o- 
periment;  for  it  would  cause  the  apparent  expansion  to  be 
leae  than  the  rea!.  All  liquids  vapoume  at  common  tra^ 
peniturea,  but  the  higher  the  temiierature  the  greater  wiH  bf 
the  quantity  of  vapour  formed.  Now  it  ie  quite  evident  thtC 
a  decrease  of  hulk  muat  reault  from  this  process  of  vaponr- 
iiation,  and  consequently  the  real  amount  of  expansion  wiD 
not  be  obtained.  I'o  avoid  this  source  of  error,  and  to  per- 
form the  experiment  in  the  best  possible  manner,  the  liquid 
contained  in  the  bulb  and  tube  should  be  subjected  to  a  suffi- 
cient degree  of  heat  to  cause  a  rapid  vapourization.  Wboi 
bU  the  atmospheric  air  htm  been  expelled,  and  the  upper  part 
of  the  tube  has  been  completely  filled  with  the  vapour  of  the 
liquid,  the  opening  of  the  tube  should  be  hermetically  sealed. 
When  the  liquid  is  cooled  down,  there  will  be  a  vacuum  in 
that  portion  of  the  tube  unoccupied  by  the  fluid ;  and  by  im- 
mersing the  bulb  into  baths  of  different  temperatures,  the 
tube  itself  may  be  accurately  graduated,  and  the  degree  of 
expansion  or  contraction  under  all  circumiitances  estimated. 
Many  other  methods  of  determining  the  dilatation  of 
Fig.  27.  liquids  have  been  proposed 

!and  employed  by  philoso- 
phers ;  we  shall  only  men- 
tion that  invented  by  MM. 
— .  Dulong  and  Petit,  for  roak- 

\         ing  experiments  upon  the 
\       expansion  of  mercury.  TTie 
1     apparatus  they  used  is  re- 
■  i     presented  in   S\g.  27,  >tt^ 


'  it  i»  Uivu^ii^  u* 
Uie  cuiiinicliiui 
ujMMi  tbc  HuMi  whik 
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vittcfa  eoBtmutMi  at  lui  ihcthi^ 
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Kipplication  of  heat  on  the  surface.    The  part  ir 
■  eontactwith  the  soiirce  of  heat,  would  re 
f  temperature,  and  becoming  specifieaUy  tighter, 
I  course  remain  in  ics  position,  without  giving  any  ol 
I   tion  of  the  fluid  an  opportunity  of  a  similar  change.   \ 
\  heax  is  appUed  to  the  hottom  of  a  vessel  containing  t^ 
the  portions  which  receive  an  increase  of  temperatti 
mediately  rise  and  give  place  to  the  colder  particles,  1 
there  are  two  currents,  one  ascending,  and  the 
Rcending.    This  fact  may  he  eanily  exhihited,  for  if  d 
powder,  of  ahout  the  same  specific  gravity  as 
mixed  in  that  liquid,  and  heat  be  applied,  the  pan 
be  seen  to  rise  and  fall  according  to  their  specific  ( 

To  exhibit  generally  the  fact  that  liquids  expands 
increase  of  temperature,  take  a  glass  hulh  andti 
placing  BO  much  of  any  Uquid  in  it,  that  it  may  fill  d 
of  the  tube,  apply  heat  to  the  bulb,  and  the  liqiu^ 
will  almost  immediately  begin  to  rise.  It  tnay  be  | 
marked,  that  those  Uquids  are  tl 
have  the  highest  boiling  points. 

To  show  that  an  equal  temperature  does  not  [ 
ail  hquida  an  equal  degree  of  expansion,  take  ti 
bulbs  and  tubes  of  the  same  size,  and  filling  tl 
same  height  plunge  them  into  boiling  water,  and  all  tl 
will  expand,  hut  not  in  the  same  degree. 


When  speaking  of  the  dilatation  of  solids,   it  was  si 


[tntan  from  32  to  212 
^gghrinthe  Hnamit  of 
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hdw  year  180  L,  and  s  ^tams  tiT  ais:«^  nit^.   A: 
■dlLGay  Laamae  eaanataafi  a.  «r:c?    r   r::i*sr:ii»:'r.. 
fefihtatkni  of  atnuMpaeu:  at.    iii:.  «w£v>  <ni  i.   ^.   f 

due  it  has  %  .'«3!usr   xucra**:  r  ■cs^jWiiN'n. 

to  the  manssai  -susraususie:    Af^ivt-r:    ..*-.  ..'. 
■d  S12th  degrees  of  :asnocssaxK.     Tik-'  xus*.    ..j>.-.- 
Ibt  dl  gaecs  and  TapnoEf  laa  ^u:  :&nu:  uxuiti:?:    .^    :  ^  .^. 
■QB  between  the  aBoe  ^anofsaaiMK.     Tik-t:  v-M^  j^.tri^:  .  :^: 

in  dicff  eacnuaar  tc  "af;  xumMK  .>   .>..ii.  .tr.v:*:-. 
AMefindta:  3fr.  Da^o.  cui  use  .o:  i.i.>..s:j..-.  y. ... 
tf  air  at  32^  texnpenczr:.  :::i=r%'<a^':  .^.  :.i^   i  (.-.»:-. 

1375.  The  latter  nsr^  z&e  'jkvt^  ►•Tv"*-:'.  .■»  >.:.»>.■...*.  v^.  .  \ 
penmentB  to  be  :L«  s..nr.  wrr^r,  NvV  ::  ls  ;;...'«*■/. 
dnt  there  is  an  incre&et  i*:  cT^  ;k.^L^  xi  iA*. .  w.\^kk\ 
die  temperatnrec  of  Tii\Lrj^  \\x  uui'.  l'i.i'..iiii:  ^t^i.i^v  :■:;-• 
%  180  degrees,  and  the  ejcpausu»n  Ik  uiiiti»iir.,  (u<  tn 
dease  of  Tolmne  for  one  Q«-^ret  wuv  U-  i-iUfulctii-u  )>>  :i 
ample  division. 

There  are  many  experimentt>  whicli  may  \w  jn'rliinuiul 
to  prove  the  expansion  of  gu»es  by  heat.  A^  11  l^  tun 
main  object  in  this  work  to  direct  tht*  at  trillion  ni  ilir 
reader  to  elementary  priuc*i])leH,  uud  trNjarlally  to  ciplcuii 
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1761,  was  a  comparison  of  the  time  required  to  raise  die  j 
temperature  of  a  certain  weight  of  water  one  degree,  with  j 
that  necessary  to  liquefy  an  equal  weight  of  ice.  In  this  way  ^ 
he  was  led  to  the  discovery,  that  the  heat  required  to  liquefy  ^ 
a  certain  weight  of  ice,  would  give  to  an  equal  weight  of 
water  an  increased  temperature  of  140° ;  the  circumstancee  l 
in  both  cases,  being  the  same.  Now,  although  so  large  an  1 
amount  of  heat  is  received  in  the  process  of  liqueficatidBy  '. 
neither  the  sense  of  touch  nor  the  thermometer  can  detect  ita  ] 
presence.  The  water,  which  is  obtained  from  melting  ioa  j 
has,  at  the  moment  of  hquefaction,  precisely  the  same  teiti*  j 
perature  as  the  ice  itself,  and  on  this  account  Dr.  Black  jno^  -j 
posed  the  term  latent  heat,  as  applicable  to  that  which  10  } 
received  by  bodies  when  they  assume  the  liquid  or  vapoar-  j 
ous  form.  It  is  hardly  necessary  to  remark,  that  when  a  ^ 
liquid  is  sohdified,  the  latent  heat,  or  caloric  of  fluidity,  as  it 
is  sometimes  called,  must  be  given  out. 

The  process  of  observation  and  thought  which  led  Dr.  * 
Black  to  this  important  discovery,  was  so  natural  and  simj^ 
that  the  reader  will,  perhaps,  wonder  that  it  has  never  stmck  ; 
his  own  mind,  and  that  so  many  should  have  observed  the 
same  phenomena  before  his  time,  and  not  have  come  to  the 
same  conclusion.  The  Professor  remarked,  that  when  ice 
at  a  temperature  below  32°  was  brought  into  a  warm  room, 
it  gradually  rose  till  it  attained  that  degree  of  temperature. 
After  this,  it  melted,  and  no  increase  of  temperature  was  ob- 
served, until  the  whole  mass  of  ice  was  liquefied;  hence  it  ap- 
peared that  the  heat  received  by  the  body  was  gradually  appro- 
priated for  the  purpose  of  producing  liquidity,  without  in  any 
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degree  causing  an  alteration  of  temperature.  With  this  view 
tf  the  influence  of  heat  in  producing  the  liquefaction  of 
bodies,  the  Professor  reasons  on  the  great  im])ortance  of 
that  provision  by  which  solids  are  compelled  to  receive  a 
krge  amount  of  constituent  caloric,  before  they  can  ansumt* 
a  Bqnid  state.  Let  it  be  for  a  moment  supposed,  that  at  a 
certain  degree  of  temperature  ice,  as  an  example,  instantly 
beeame  water ;  and  it  will  be  scarcely  possible  to  imagine 
the  amount  of  devastation  to  which  all  those  places  situated 
near  mountainous  districts  would  be  subjected,  llie  ice  and 
mow  which  at  one  moment  hung  in  a  sohd  form  upon  the 
flanks  of  the  mountains,  might  at  the  next  assiune  its  liquid 
form,  and  rushing  into  the  valleys  sweep  away  every  op]K)s- 
ing  force  in  its  fury. 

There  are  two  experiments  made  by  Dr.  Black,  either  of 
which  will  illustrate  the  phenomenon  of  latent  heat.     He 
first  placed  five  ounces  of  pure  water  in  each  of  two  thin 
glass  vessels  of  the  same  size  and  weight.    The  water  in  one 
of  these  was  frozen,  and  that  in  the  other  was  reduced  to  a 
temperature  of  33°.   In  about  half  an  hour  the  thermometer 
in  the  water  had  risen  to  40°  of  Fahrenheit.    When  the  ice 
had  the  temperature  of  melting  snow,  or  32°,  the  time  was 
accurately  marked,  and  in  about  ten  hours  and  a  half  all  the 
ice  was  melted,   except  a  small  spongy  mass  which  floated 
upon  the  surface.     In  a  few  minutes  more,  the  whole  of  the 
ice  was  Uquefied.     From  this  experiment  it  appears  that  a 
degree  of  heat,  which  will  raise  the  temperature  of  water, 
seven  degrees  in  half  an  hour,  must  be  acting  for  ten  hours 
and  a  half  before  ice  can  be  raised  to  the  same  temperature, 
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80  that  if  we  multiply  7  by  2],  the  number  of  half  houn 
will  give  the  number  of  degrees  of  heat  required,  ths 
147°;  and  deducting  8°,  the  increase  of  temperature 
tained,  it  wiU  give  1 39°,  or  according  to  calculations  w 
in  the  same  and  in  other  ways  by  many  chemists  and  pi 
sophers  140°  as  the  quantity  of  heat  required  to  liquefy 
ounces  of  pure  water. 

The  other  experiment  to  which  we  referred  was  as 
lows : — a  certain  weight  of  ice  at  32°  was  plunged  into 
equal  weight  of  water  at  176°;  the  ice  was  melted,  and 
temperature  of  the  mass  was  reduced  to  32°.  This  exp 
ment  will  be  better  performed,  and  more  accurate  res 
will  be  obtained,  if  a  pound  of  newly  fallen  snow  be  ad 
to  a  pound  of  water  at  172°;  the  snow  will  be  melted, 
the  resulting  hquid  will  have  a  temperature  of  32°,  wl 
gives  140°  as  the  quantity  of  heat  absorbed  in  the  procea 
liquefaction. 

To  these  remarks  we  may  add,  as  a  suitable  and  com] 
hensive  view  of  all  that  we  know  concerning  latent  heat, 
observations  of  Professor  Thompson.  "  It  is  rather  difl5< 
to  ascertain  the  precise  number  of  degrees  of  heat  that  < 
appear  during  the  melting  of  ice.  Hence  different  stj 
ments  have  been  given.  Mr.  Cavendish,  who  informs 
that  he  discovered  the  fact,  before  he  was  aware  that  it  ^ 
taught  by  Dr.  Black,  states  them  at  150°;  Wilcke  at  13 
Black  at  140°;  and  Lavoisier  and  Laplace  at  135°.  1 
mean  of  the  whole  is  very  nearly  140°. 

"  Water,  then,  after  being  cooled  down  to  22°,   can 
freeze  till  it  has  parted  with  140°  of  caloric ;  and  ice,  ai 
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solid  at  common  temperatures  become  liquid^  they  are  said 
to  be  melted  or  liquefied. 

From  the  experiments  of  Fahrenheit,  Sir  Charles  Blagdes, 
and  other  philosophers^  it  appears  that  the  common  freezing 
point  of  water  is  32^,  but  by  avoiding  any  agitation  of  the 
liqmd,  freeing  it  from  atmospheric  air,  and  by  taking  great 
care  in  performing  the  experiment,  the  temperature  has  beoi 
reduced  to  22°  Fahrenheit,  before  it  assumed  the  soUd  state. 

Sea  water  requires  a  lower  temperature  for  its  sohdificsp 
tion  than  pure  water,  a  fact  which  is  accounted  for  by  the 
presence  of  salt.  The  same  effect  is  generally  obtained  when 
the  salts  are  dissolved  in  pure  water.  The  following  table 
gives  the  results  of  Sir  Charles  Blagden's  experiments  upon 
the  freezing  points  of  various  solutions  : — 

Name  of  the  Salt  added.        Proportion. 
Common  salt   .    .  25  per  cent. 

Mur.  ammonia      .  20     „ 

Tart,  potash     .     .  50 

Sulph.  magnesia   .41*6 

Nitrate  of  potash  .  12*5 

Sulphate  of  iron   .41*6 

Sulphate  of  zinc  .  53*3 

From  this  table  it  will  appear  that  the  intermixture  of 
common  salt  lowers,  more  than  any  other  substance,  the 
temperature  of  water.  A  knowledge  of  this  fact  enables  us 
to  account  for  the  presence  of  salt  in  sea  water,  and  is 
another  evidence,  if  such  were  required,  of  the  design  so 
admirably  displayed  in  all  parts  of  the  creation. 
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VAPORISATION. 

Many  solids  and  liquids  may  by  an  increase  of  tempera- 
ture be  converted  into  the  gaseous  state.  When  substances 
are  giving  off  vapour^  which  many  do,  at  common  tempera- 
tures, and  beneath  their  boiling  points,  they  are  said  to 
undergo  evaporation ;  but  when  the  formation  of  vapour  re- 
nilts  from  an  increase  of  temperature,  the  process  is  called 
vaporisation.  It  is  to  the  latter  that  we  shall  principally 
rtfer  in  the  following  obsen^ations. 

The  temperature  at  which  a  tiquid  will  begin  to  boil  can- 
not be  determined  from  a  knowledge  of  its  properties,  yet 
every  liquid  has  its  own  boiling  point.  The  following  tabic 
gives  the  boiling  points  of  a  few  substances  which  have  been 
submitted  to  careful  experiment : — 

Ether 100°  Fahrenheit 

Carburet  of  sulphur  .     .     .     113° 

Alcohol,  sp.  gr.  0  813    .     .     173*5° 

Nitric  acid,  sp.  gr.  1*500     .     210° 

Water 212° 


Muriate  of  lime     ....     230° 


i> 
it 
>y 
a 


Muriatic  acid,  sp.  gr.  1*094  232°  „ 

Oil  of  turpentine  ....  316°  „ 

Sulphuric  acid,  sp.  gr.  1*842  545°  „ 

Phosphorus 554°  „ 

Sulphur 570° 


Linseed  oil 640° 


Mercury 456 


o 
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The  boiling  point  of  a  liquid^  water  for  example^  is  by  no 
means  fixed,  a  variety  of  circumstances  may  interfere,  some- 
times raising  and  sometimes  dowering  it.  Two  of  these  we 
shall  mention,  and  they  will  both  admit  of  proof  by  simj^ 
experiments. 

The  first  question  to  be  considered  is,  whether  liquids  boil 
at  the  same  temperature  in  all  vessels  ?  In  answer  to  this 
question,  we  will  give  an  abstract  of  a  paper  *  by  M.  Gray 
Lussac  on  the  experiments  of  M.  Achard. 

"  The  principal  consequences,"  he  says,  "  deducible  from 
these  experiments  are 

''  I.  That  in  a  metallic  vessel,  water  in  a  state  of  ebullition 
does  not  preserve  a  fixed  degree  of  temperature ;  but  that, 
on  the  contrary,  though  water  may  not  cease  to  boil,  its  de- 
gree of  heat  is  continually  varying,  and  that  this  vanation  is 
chiefly  produced  by  the  action  of  the  air,  as  well  on  the  sides 
of  the  vessel  as  on  the  surface  of  the  water ;  but  that  in  a 
glass  vessel  the  boiling  water  maintains  a  fixed  and  deter- 
minate degree  of  heat,  without  the  external  action  of  the  air 
upon  the  sides  of  the  vessel  producing  any  alteration. 

**  II.  That  the  nature  of  the  vessel  has  no  influence  upon 
the  degree  of  heat  which  the  water  assumes  in  boiling. 

*'  The  first  of  these  consequences  seems  to  me  inaccurate, 
as  far  as  it  refers  to  the  influence  of  the  moving  air  upon 
the  sides  of  the  glass  vessel ;  for  it  is  diflicult  to  conceive 
that,  while  that  influence  is  very  perceptible  in  metallic  ves- 
sels, it  should  be  absolutely  nothing  in  vessels  of  glass.  This 

^  Ann.  de  Chemie,  x.  p.  49. 
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pdnt,  however^  I  do  not  stop  to  duciuii,  \itxana0t 
riments  of  M.  Achard  haying  been  matfie  hi  t^mmm  '-/  -tu&r- 
ent  capacity^  and  containing  nnrgnal  qiuiiac«i  '-Jt  w^r,  ^f* 
not  present  a  sufficient  unifonmty  rA  fxrrrssu(tx^s». 

**  The  second  consequence,  that  Uj«  fia£r«r»  -/  'jo^,  'r>«Mi 
has  no  influence  on  the  d^;rce  c^  tea:  v:iu*.a.  tae  vu^r 
adopts  in  ebullition,  is  not  admisAble.  Yet  M  .^it'uur:  ^ah 
tometimes  seen  water  boil  at  a  more  eiems^  vm^^ns.*^*  .^ 
a  j^ass  vessel,  than  it  did  in  a  TenMl  of  aaesa. :  'j-j:  ^  'jjaiz 
difference  did  not  always  occur,  he  ni]ftrt««i  2  vt  ^xtjjkzzju,. 

"  I  remarked  some  years  back,  that  a  XMrx/jcj^nJir  vv.r. 
which  I  had  fixed  the  point  oi  Wf-  otas^arM:,  v/  v,uj:;r 
water  in  a  tin  vessel,  did  not  stand  a£  \u:  vaxrut  ;^a^.  ::,  i, 
l^ass  vessel,  though  in  all  other  i^AotM  lijt  mr-^z^^fijiuj:^ 
aeemed  perfectly  nmilar.  The  diffiEreziCt  tm  srr«h£er  uaii 
one  degree,  and  as  1  could  attribute  1:  v^  r.o  xh^r  csr^^^,  0  «*. 
the  nature  of  the  vessels,  I  concbidtfi  *.La.t  -«riur  hi-"^.!.  v>oi.*f 
in  a  metallic  vessel  than  in  one  of  /I^f^. 

"  I  by  no  means  {vetend  to  give  the  abv^/lut*  meajiure  of 
the  difference  which  may  exist  f>etwetn  the  Ixiiling  poiii:>>  of 
water  in  a  metallic  vessel,  and  in  one  of  giaxv  ;  on  the  con- 
trary, I  conceive  that  this  limit  in  variable,  according  to  the 
nature  of  the  substance ;  and  for  the  same  substance  accord- 
ing to  the  state  of  the  surface ;  for  it  seems  probable  that  it 
depends  at  the  same  time  on  the  power  of  conducting  heat, 
and  upon  the  polish  of  the  siu^aces." 

But  there  is  a  cause,  atmospheric  pressure,  which  has  a 
much  greater  effect  upon  the  boiling  point  of  liquids.  It  is 
well  known  that  if  water  be  placed  under  an  air  pump,  and 
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the  air  be  withdrawn,  it  will  boil  at  a  temperature  much  less 
than  that  required  to  produce  the  same  effect  under  the  com- 
mon atmospheric  pressure.  An  experiment  may  be  here 
mentioned,  which  very  beautifully  illustrates  the  alteration 
of  the  boiling  point  from  a  diminution  of  temperature.  Take 
a  glass  flask,  and  fiUing  it  up  to  the  neck  with  water,  boil 
the  hquid.  While  the  water  is  boiling,  place  a  cork  that  fits 
tightly  in  the  mouth  of  the  vessel,  and  remove  the  flask  from 
the  fire.  When  the  boiling  has  ceased,  pour  over  the  vessel 
some  cold  water,  and  ebullition  will  recommence.  The  cause 
of  this  curious  phenomenon  is  evident.  When  the  cork  is 
placed  into  the  neck  of  the  vessel,  the  atmospheric  air  has 
been  excluded,  and  the  vapour  of  the  Hquid  has  taken  its 
place ;  but  when  the  cold  water  is  poured  over  the  surface 
of  the  vessel,  the  vapour  is  condensed,  and  a  vacuum  is  con- 
sequently formed,  a  condition  sufficient  at  once  to  account 
for  the  ebuUition  that  immediately  recommences.  This  ex- 
periment is  more  illustrative  of  the  effect  of  pressure  than 
that  which  is  sometimes  made  under  the  receiver  of  an  air 
pump.  If  the  reader  should  wish  to  perform  the  experiment 
in  that  manner,  let  him  take  a  vessel  containing  water  at 
nearly  boihng  temperature,  but  not  in  a  state  of  ebullition, 
place  it  under  a  receiver,  and  withdraw  the  atmospheric  air 
— the  boiling  point  will  be  lowered,  and  a  rapid  ebuUition 
will  be  observed. 

If  the  atmospheric  pressure  be  increased,  the  boiling  point 
will  be  raised ;  it  has  even  been  stated  that  water  may,  when 
under  enormous  pressure,  be  made  red  hot  without  ebullition. 

From  what  has  been  said,  the  reader  will  come  to  the 
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these  vessels  under  the  receiver  of  an  air  pump^  and  ekb^ 
the  air.    The  aqueous  vapour  will  rise  and  be  absorbet^ 
the  sulphuric  acid ;  but  the  temperature  of  the  water  will 
so  much  lowered  by  the  absorption  of  its  sensible  heat  to  ^ 
the  evaporation,  that  it  will  after  a  short  time  freeze. 


THE  COMMUNICATION  OF  HEAT. 

It  must  be  evident  to  every  one  who  has  considered  tb 
nature  of  the  phenomena  aroimd  him,  that  there  are  som 
active  physical  laws  which  tend  to  establish  an  equality  c 
temperature  between  all  substances.  If  an  iron  ball  b 
heated  to  redness,  and  then  placed  upon  a  stand  in  the  mic 
die  of  an  apartment  far  from  any  other  body,  its  het 
is  quickly  lost,  and  the  temperature  is  reduced  to  tlu 
of  the  air  in  the  room.  By  whatever  cause  the  ten 
perature  of  a  substance  may  be  raised  or  depressed,  i 
soon  as  the  cause  ceases  to  act,  the  effect  produced  becom< 
less  and  less  evident  until  at  last  it  vanishes  altogether.  No 
there  are  two  ways  in  which  heat  may  be  conveyed  from  oi 
substance  to  another, — when  they  are  in  contact,  and  heat 
then  said  to  be  conducted ;  and  also  when  they  are  distai 
from  each  other,  separated  by  space  or  a  non-conductin 
medium,  and  heat  is  then  said  to  be  radiated.  In  the  oi 
case  we  may  suppose  the  agent  to  be  transmitted  from  pa 
tide  to  particle^  and  in  the  other  to  be  communicated  throng 
space  independent  of  conduction.  Any  substance  raised  1 
a  high  temperature  will  communicate  a  portion  of  its  heat  1 
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coi^bodr.    Thtat  it— fa  wg  e^phiaiHMtis  aiguiig^ 
bf  die  terms  udutioa  aad  ooodBcaion  of  IwbL  r»^ 

In  our  attea^  to  iSmoate  llie  satare  of  tiiose  proceaaiii 
Vr  vliidi  heat  k  nwamnniuted,  m  fiB]lcndea:?oi]rtodii 
fcxibe  some  ample  runimriAU  vUdi  nn^  be  perfonned 
any  of  oar  readers.  In  Ae  fanner  poit  of  diis  voluine 
hare  adopted  die  same  ptan,  as  fir  as  possaiUe. 

The  stodr  of  die  natoral  wimows  is  saf^msed  to  be 
nected  widi  sodi  an  ooday  of  mmey,  as  to  prevent  pei 
in  the  coannon  circumstances  of  fife,  from  the  acquisitioii 
a  {tactical  acquaintance  with  them.    Tliis  popular 
diould  now  be  remoTed,  for  all  the  expeximents  required 
prove  the  fundamental  truths  may  be  made  widi  a  few 
struments,  easily  obtained  by  most  persons,  and  fiaur  less 
pensive  than  many  of  the  luxuries  of  life.    A  valuable 
paratus  is  required  by  the  pubhc  teacher,  but  the  a 
may  easily  construct,  if  he  has  a  litde  mechanical  skill, 
of  those  instruments,  which  if  purchased,  would  be 
costly. 

I.     THE  POWER  OF  BODIES  IN  CONDUCTING  HEAT. 

When  we  use  the  term  conduction  of  heat,  it  must  not 
understood  to  convey  any  theoretical  notion  of  the  nature 
the  agent.    The  use  of  the  term  may  be  supposed  to  i 
the  active  communication  of  heat,  as  a  principle,  firom 
body  to  another,  or  from  one  part  to  another  of  the 
body ;  but  we  cannot  be  certain  that  this  is  the  process  }lf 
which  the  temperature  is  communicated.     It  may  be  as  somi 
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it  be  appfied  to  «nj  l«c^  v(  &  wilic  vu'tiRani'^ .  tin  "*- 
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^ommonicaxed  ihryaej.  ibe  wimlt  ma^       All  wtliiU. 
r,  do  not  coaiac:  itea:  witi.  tuuu!  vt-iiH.-ir^ .  i:  f«t" 
inst  hare  been  frwiuarL'v  uiist-nc-c   \*\  :iii»M    viii* 
id  the  least  sneunvi.  v^  eneniu!  jiiifiKinu-iii.      K  fur 
•  a  bar  of  ircm.  zn-z.  h  t'jz  cif  pa^j'  \m:  inuv^C.  ii.  :tit  fiaiiif 
die  or  in  a  £rt.  and  ont  rod  U  Lfi:':  iii  tun   imml, 
m  the  oiber.  the  iron  wil  ht  loi.  bin  ic  biud  U'furc 
s  is  warmed.     Ircm,  therefort,  U  u  bencr  a»!Klurit»r 
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i  are  masT  interesting  experiments  by  vbirli   ilir 
conduction  of  heat  In-  Bolidb  may  bt-  }»^l»^■t■d.     Out 

)f  these  we  Ehall  mention, 
a  number  of  metallic  bans  of  the  same  kibc.  and 

lem  upon  a  stand  made  of  some  non-c*ondurting 

ce.     Upon  one  end  of  each  bar  place  a  smaU  jiiect 
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of  phosphorua  and  a  lamp  at  the  opposite  end  eo  conetructad 

may  convey  an  equal  temperature  to  eac' 
thus  communicated  will  be  conducted  by  the  bars,  and  their 
relative  powers  of  conduction  will  be  shown  by  the  periods 

required  to  inflame  the  pieces  of  phosphor 
■n-ill  be  i^ited  in  a  very  short  period  after  the  lamp  it 
lighted,  and  others  have  a  conducting  power  a 
lively  tardy,  that  they  will  require  exposure  to  the  flame  for 
double  the  time  before  the  same  effect  is  produced. 

Take  a  smooth  cylinder  of  iron  and  wrap  a  piece  of  writ- 
ing jiaper  tightly  round  it,  ao  that  there  may  be  no  interval 
between  them  The  paper  may  be  held  over  a  spirit  lamp 
without  being  inflamed.  Then  take  a  cylinder  of  charcoali 
and  after  wrapping  paper  round  it  in  the  same  manner,  hold 
it  o\'er  the  flame  and  it  will  be  speedily  burnt.  The  cause 
of  this  difference  of  effect  is  very  evident.  The  metal  it 
a  good  conductor,  and  the  heat  communicated  to  the  paper 
cannot  therefore  accumulate  in  any  part,  but  is  diffused. 
Tlie  charcoal  is  a  bad  conductor,  and  the  heat  does  aecumit- 
late,  and  scorch  or  bum  the  japer. 

Many  experiments  have  been  made  with  the  i 
determining  the  relative  conducting  powers  of  Bohds. 
densest  bodies  are  generally  the  best  conductors,  but  there 
are  some  exceptions.  The  metals  are  the  best  conductora 
with  which  we  are  acquainted,  but  platinum  the  densest  (f 
the  metals  has  a  very  inferior  conducting  power.  Fuis, 
hair  and  feathers  are  the  worst  conductors,  which  ii 
posed  to  result  from  the  quantity  of  air  between  their  parts. 
It  cannot  however  fad  to  strike  the  reader  that  ii 
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are  frequently  covered  with  a  paste  of  clay  and  sand  t 
vent  the  escape  of  heat.  To  keep  a  substance  which 
lower  temperature  than  the  surrounding  air,  at  a  fixed 
perature,  we  surround  it  with  flannel,  and  the  same  m 
would  be  adopted  if  its  temperature  were  higher  thai 
of  the  atmosphere. 

Experiments  have  been  made  by  several  philosoph 
determine  the  conducting  power  of  solids,  and  the  re 
between  that  and  their  other  properties.  The  following 
will  give  the  conducting  power  of  a  few  of  the  metals, 
termined  by  Dr.  Franklin  and  Dr.  Ure,  the  best  cone 
being  placed  at  the  top  of  the  list. 


Dr.  Franklin's  results. 

Dr.  lire's  results. 

Silver. 

Silver. 

Copper. 

Copper. 

Gold.) 

Brass. 

Tin.  J 

Iron.) 

Iron. 

Tin.  J 

Steel. 

Cast  Iron. 

Lead. 

Zinc. 

Lead. 
The  results  obtained  by  M.  Despretz  differ  in  part 
those  deduced  from  the  experiments  of  Franklin  and 
It  may  appear  a  very  simple  task  to  determine  the  cob 
ing  power  of  metals,  but  the  results  are  liable  to  con 
able  errors  in  consequence  of  radiation.  The  followin 
table  of  the  results  obtained  by  Despretz : 

Gold.      ...     100 

Platinum       .    .    98*1 

Silver  ....    97*3 
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Copper     . 

.     .     89-82 

Iron     .     . 

.     .     37-41 

Snc     .     . 

.     .     36-37 

•nn     .    .    . 

.     yi-3»J 

Lead    .     .    . 

.     I7-9C 

Coant  Rumford  made  some  curioutt  txii*:nuu:ui*  *m  nu 
power  of  the  substanceit  ciiieily  ^^^(l  a>  aiti<li  t> 
Hie  method  in  which  they  were  \it:fi*tniuA,  aii<J 
tke resiiha,  are  sufficiently  intereitting  to  be  metitii/iA*. d .  "liit 
method  was  to  suspend  a  thermometer  in  a  cyJiudricaJ  kW> 
tube,  the  extremities  of  which  had  lieen  hhwn  Ut  a  ^^i*A)*:  *A 
one-sixth  of  an  inch  in  diameter,  the  bulb  of  the  tlierfiioiuetei 
being  placed  in  the  centre  of  the  glol>e.  it  wa«  then  t>ur 
rounded  with  the  substance,  and  t}ie  invtruineiit  wai<  htatiff J 
in  boiling  water,  and  afterwards  Ixring  plunged  mU)  a  nux- 
tare  of  pounded  ice  and  water,  t}ic  time«  of  r/x^ling  were  «;!; 
senred.  The  following  are  the  retiultv,  the  nurii)>er  of  vecontib 
being  marked,  during  which  the  tliennoxneter  cor>led  fror/i 
70°  to  10°  on  Reaumur's  scale :  air  570";  raw  liilk  12h4; 
wool  1118'^;  cotton  1046";  fine  lint  1032";  lieaver's  fur 
1296";  hare's  fur  1315";  eider  down  1305".  'Jlie  relative 
conducting  powers  are  inversely  as  the  times  of  cr>oling : 
hare's  fur  and  eider  down  are  the  worst  conductors,  lint 
the  best. 

^  The  relative  conducting  powers  of  these  substances  ap- 
pear to  depend  on  the  quantities  of  air  enclosed  within  their 
interstices,  and  the  force  of  attraction  by  which  this  air  is 
retained  or  confined.  If  their  imperfect  conducting  power 
depended  on  the  difficulty  with  which  caloric  passes  through 
their  solid  matter^  the  relative  degree  of  that  power  wo\)\<\\^ 
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ae  the  quantity  of  the  matter.  The  reverse,  however,  i 
case.  It  was  found,  by  varying  the  arrangement  of  the 
quantity  of  matter,  the  conducting  power  was  varied.  The 
thermometer  heing  surrounded  with  siiteen  graina  of  rtor 
silk,  the  time  of  cooling  from  70°  to  10°  of  Reaumur  amounted 
to  1214";  with  ravellings  of  taffeta  1169";  and  with  cut  sew- 
ing silk  917".  Here  it  was  obvious  that  the  more  dense  the 
same  matter  was,  or  the  less  air  it  contained,  di&iised  throii^ 
its  interstices,  the  caloric  passed  with  more  celerity.  It  ia 
endent  also,  that  the  air  remiuning  in  the  globe  in  these  ex- 
periments, if  the  motion  of  its  parts  had  not  been  impeded, 
would  have  been  sufficient  of  itself  to  carry  off  the  caloric 
more  quickly  than  it  actually  was,  for  air  in  motion  conw^ 
changes  of  temperature  with  celerity,  and  hence  the  interpo- 
sition of  the  fibrous  matter  must  have  acted  principally  tj 
retarding  the  motions  of  the  enclosed  ar,  partly  also  by  le- 
tarding  the  discharge  of  heat  by  radiation. 

"  The  former  effect  will  be  in  a  great  measure  proportimiBle 
to  their  sponginess,  and  to  the  force  of  attraction  with  which 
the  air  is  retained  in  their  interstices,  lliat  such  an  attrac- 
tion ewsts,  is  proved  by  the  force  with  which  they  retain  the 
air  that  adheres  to  them,  even  when  immersed  in  water,  or 
esposed  under  the  receiver  of  an  air  pump.  It  is  to  this 
cause  principally,  that  the  property  which  all  porous  bodies, 
luch  as  furs,  feathers,  wool  and  down,  have  of  retarding  (he 
passage  of  caloric  ie  owing." 


Jt  is  generally  supposed  by  tiose  who  are  unacquainted 
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jflH  ba£b^  fic  "ST  Tr>.iL  iik  eiursurc  itfibf  mnoa 
jH      peer  I  szsJL  uis&nn:;  .if  ttiKr  mid  m&uxK-  n 

b  would  b*  »33«2iif  1-  aiii  v.it  n?<  .if  ^uii'iurt  vif  ur 
je  obserred-  N:-  su^i  «firr:  ii.^ircntrr  1*  vtc^rssiv^nod. 
ice  it  aaar  be  dt:i'Jitf  i.  lia::  vu-.t»r  dwvs  n^n  ivaiihr 
t  heat.  A  ceszH  iikerm:izit*:er  vill  do  asi^  d^yH  fiV  ilhr 
lent  as  a  brzlrj  and  ru.be  (.-cmtaiTrni:  air. 
Murray  made  a  verv  inierei?iintf  exj^rimrtiT  ftV  the 
>  of  ascertainiDg  vbeiber  liquidA^  bad  any  ci^nduiling 
and  its  resuhe  vere  pucb  as  to  prove  that  ii  had.  We 
»  account  in  hie  own  words  : — "  In  a  hollow  cvlindex 
I  thermometer  was  placed  honzontaUy,  at  the  depth 
nch,  its  bulb  being  in  the  axis  of  the  cylinder,  and 
t  of  the  stem  to  which  the  scale  was  attached^  entirely 
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without.  As  water  could  not  be  employed  at  the  tempera-  v^ 
ture  at  which  it  is  requisite  to  make  the  experiment  in  thig  j^. 
apparatus,  on  accoimt  of  the  property  it  possesses  of  beconk-  L 
ing  more  dense  in  the  rise  of  its  temperature  from  32°  to  k 
4GP,  oil  was  first  used.  A  quantity  of  almond  oil  at  the  tem*  i^ 
perature  of  32°,  was  poured  into  the  ice  cylinder,  so  as  tl 
cover  the  bulb  of  the  thermometer  a  quarter  of  an  inch.  Ik^ 
flat-bottomed  iron  cup  was  suspended  so  as  nearly  to  toudfc 
the  surface  of  the  oil,  and  two  ounces  of  boiling  water  were 
poured  into  it.  In  a  minute  and  a  half,  the  thermometer  ha4 
risen  from  32°  to  32 J°;  in  three  minutes  to  34  J°;  in  fivft. 
minutes  to  36 J° ;  in  seven  minutes  to  37§° ;  when  it  became 
stationary  and  soon  began  to  fall.  When  more  oil  was  ii^-  L 
terposed  between  the  bottom  of  the  cup  and  the  bulb  of  die  ^ 
thermometer,  the  rise  was  less ;  but  even  when  its  depth  wae  ^_ 
three  quarters  of  an  inch,  its  rise  was  perceptible,  amoimtiog 
to  Ij  degrees.  With  mercury  the  same  results  were  ob-  I 
tained,  the  thermometer  rising  only  ^ith  much  more  rajH* 
dity,  from  the  mercury  being  a  better  conductor  than  oil'." 

The  difficulty  with  which  heat  is  conducted  downwards  by 
a  liquid,  may  be  proved  by  either  of  the  following  experi- 
ments. 

Put  some  litmus  water  into  a  glass  tube,  and  fill  it  up  care-  K 
fully  with  pure  water.    Apply  heat  to  the  top,  and  there  will 
be  no  mixture  of  the  two  fluids  for  a  considerable  time ;  but 
apply  the  heat  to  the  bottom,  that  is  to  the  bulb,  and  they 
will  be  quickly  united. 

'  Murray's  System  of  Chemistry. 
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1aceaiHecc<rficcatliie  batsam  c  ,^ 
loar  water  at  the  temperamrsr   i:  :j 
these  place  a  aaiall  wood«i  'I'.r  «rn. 
Lea,  and  poor  into  it  boilixur 
nearly  foil,  and  in  spite    *i  ::*:-  .ir«i::  .:=. .  ^:    .        —- : 
Her,  it  win  be  difficult  v.  an:::  -^nr.  ?r-      -  .l  •.     -* 
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lowed  to  float  upon  the   roract-  ^  ▼«    ^ 


To  show  the  cmieuta  wnicr  sr*  i.rTL*:-:  .-  i_k  - .  -.  .^:..'.- 
f  heat  thzoo^  flmda,  lifc  f  ^vw-^  -c:vrr.=i«-    r-.      .* 

»de. 
KIl  a  glaas  tube  with  wcrsr  r-^a^ruit'  4=1 -•r-  .-^  *-.*:.-^: 

dier  substance  noc  loiisiie  =^  7:^  -'-;--  «^'-  ■-—.  ■•»■ 
obe  over  a  spirit  lamp.  TLc  rsrr'-JiLr-i  .-r  :^.  ;>-r.-:-<-* 
riQ  show  the  action  of  tne  r:ir?«sat,  wjor  to^.-r:*'.!.:^  ^::k-- 

lescendin^. 

From  this  last  exj^n^B^*:  "  w:l  2-x*rti-  :-a:  ;..'.  s^v*** 
sondaction  of  fluids  arise*  £-.»=.  ;iit  •rirvuinsvoii-A .  \'^i:  >»  lici 
finds  are  heated  they  'jtty=A  tyerrifi'jaljv  u^if**".  aiu.  licu^x 
amnot  descend-  Be:  if  iksc  •*  awii*?c:  U:lv»\».  ::«  l:^iiu-r. 
diat  is,  the  heated  partaCi^t^  jibe,  and  iLt  n^w  iKrr  i*^  L\»iurr 
iescendy  and  t>ii«  oontznoet  untU  an  eijiuL  vcui^niiuix  u 
established  througbont. 


COXDUCTIJPG    POVEB    OF    ELAtiTIC    FLl  IDfr 

Count  Rumford  was  of  opinion  that  gane^  uiid  AiqxmrK. 
which  comprehend  that  class  of  bodies  called  elai<tii'  fluidt. 
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no  conducting  power,  and  he  proved  by  many  experi-  I 
I    menta  that  ii  is  very  imperfect. 

Experiments  were  made  by  Dr.  Dalton,  Sir  H,  Davj;  I 
&nd  Mr.  Leslie,  for  the  purpose  of  ascertaining  the  conduct  1 
ing  power  of  gases  by  the  cooling  of  thermometer  bulbi. 
Thus,  for  instance,  Mr.  Leslie  ascertained  that  bodies  COOJ  ^ 
more  quickly  in  hydrogen  gaa  than  in  atmospiieri. 
and  in  the  latter  than  in  carbonic  acid  gas.  It  would  hoW  f 
ever  be  difficult  to  determine  how  nmeh  of  the  effect  ara 
from  conduction,  and  how  much  from  radiation.  There 
reason  to  believe  that  the  elastic  fluids  are  conductoni  d  m 
heat,  though  very  imperfect. 

"  In  conclusion,"  says  Dr.  Murray,  after  speaking  of  . 
conduction  of  heat,  "  it  may  be  observed  that  it  is  piioci  1^ 
pally  by  the  agency  of  fluids,  elastic  and  non-elastic,  thit  4 
the  distribution  of  caloric  over  the  globe  is  rc^iUated,  and 
great  inequalities  of  temperature  guarded  against ;  and  dul  i 
this  agency  is  exerted  chiefly  by  the  circulation  of  vioA  I 
tiieir  mobility  renders  them  susceptible. 

"lliUB  the  atmosphere,  with  which  the  earth  ia  svurotrnde^ 
serves  the  important  purjKise  of  moderating  the  extremcll 
of  temperatiire  in  every  climate.  When  the  eari;h  is  heated 
by  the  sim's  rays,  the  stratum  of  air  reposing  on  it  rei 
parf  of  its  caloric,  is  rariiied,  and  ascends.  At  the 
time,  from  a  law  which  attends  the  rarefaction  of  elastic 
fluids,  they  become  capable  of  containing  a  large  quan- 
tity of  caloric  at  a  given  temperature  as  they  become  more 
rare ;  this  heated  air,  though  its  temperature  falls  aa 
ascends,  retains  the  greater  [>art  of  its  heat ;  its  place  at  t 
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s  fliqipiifid  by  colder  air  premin^  ih  frrm:  t'^-vr\  unit . 
md'byAoB  canBtsnt  BuccesBum,  ihe  hem  if  mndiTkif/i  tiiatt 
vonld  OLberwifle  become  intemie.     The  heuted  tur  i%.  \i\  \ht 
jiiMMm.  of  liie  conBtBnt  ancending  ]KjrtjfjinK.  furtt'n  um-artu 
1  colder  r-TWimt** ;  as  it  deBcendf*  u>  *iU}i|j]y  \}a  vf^u.\i\inutn. 
it  grree  cnxt  the  beat  it  bad  received,  and  iIjuk  M-n-«>  t<> 
Bodeiste  the  eztremee  of  cold.     There  ifau^  fl(m>  jk  <  i.m-nt 
ikom  llie  polee  towards  the  equator,  at  the  vuiiiu-c  t4  ilu 
cntliy  and  another  supeiior  current  from  the  equate ir  to  \\w 
poles;  and  though  the  directjone  of  theye  art*   ^Anutihly 
danged  bj  inequalitiee  in  the  earth'*  rarface,  they  can  nfvn 
be  intermpted,  but  produced  by  general  cauKr«  muM  A]wa)> 
operate  and  preaerre  more  uniform  the  temfieraiurr  o(  i)i<- 
l^obe.     Water  is  not  less  useful  in  this  rev[»ect  in  the  eco 
aomy  of  nature. 
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II       THE    RADIATION    OP    HEAT. 

Maiiotte  appears  to  have  been  the  fintt  who  ohscn-ofl,  m 
at  least  experimented  uix>n,  the  radiation  o(  \\va\.  'Ilir 
■object  was  first  alluded  to  by  this  philotiophcr  in  tlu*  Mf>. 
moirs  of  the  Academy  of  Sciences  in  Parin.  "  '11  lo  heat  of  a 
fire,'*  he  says,  "reflected  by  a  burning  inirn)r  in  KcfONihlc 
in  its  focus,  but  if  a  glass  screen  be  inteqK)KC(l  iK'twecn  the 
mirror  and  the  focus,  is  no  longer  sensible."  lliiK  wan  an 
observation  of  great  importance,  and  was  afterwaniK  c]()«<e]y 
examined  by  other  philosophers.  I..ainbert  waH  one  of  the 
first  to  investigate  the  statement,  and  he  endeavoured  to 
separate  the  eflTect  produced  by  light  from  that  which  re- 
sulted from  heat.    After  having  concentrated  by  a  large  lens 


222 


RADIATION   OF   HEAT. 


the  light  of  a  clear  fire  so  as  to  receive  it  upon  his  hand, 
was  unable  to  detect  any  increase  of  heat ;  but  he  sue 
by  the  means  of  two  concave  mirrors  in  so  reflecting 
heat  of  burning  charcoal  as  to  ignite  combustible  bodies 
the  distance  of  thirty  feet. 

Scheele,  in  his  celebrated  treatise  on  air  and  fire,  taliME 
some  notice  of  this  subject^  and  introduces  a  description  mL 
some  valuable  experiments  he  had  made.    We  are  indebtoil 
to  this  celebrated  man  for  the  term  radiant  heat,  by  whidv 
he  intended  to  convey  the  same  meaning  as  might  be  ex^^ . 
pressed  in  the  words  heat  flying  off  in  rays.     He  also  dis^j  ~ 
covered  that  heat  thus  thrown  off  passed  through  space  witih>'' 
out  any  change  of  direction  by  the  presence  of  air,  and  alao ' 
that  although  a  metallic  mirror  would  reflect  both  heat  and  i  _ 
light,  a  glass  mirror  reflected  the  light  only.  j 

M.  M.  Pictet  and  Saussure  repeated  these  experiments, 
and  introduced  an  apparatus,  fig.  28,  which  is  used  in  the 
present  day  in  all  investigations  on  radiant  heat.    Their  nip-  % 
paratus  may  be  properly  described,  as  explanatory  of  the  5 
means  by  which  the  student  must  make  his  experiments  in 
illustration  of  the  facts  to  be  presently  mentioned. 

Fig.  28.  A  B,  are  two  concave  mirrors 

of  polished  tin  about  one  foot 
in  diameter,  and  with  a  focal 
length  of  4  J  inches,  placed  ex-  ■ 
actly  opposite  to  each  other  at 
the  distance  of  twelve  feet.  C 
^^.^s*  is  an  iron  ball  raised  to  a  tem- 
perature just  below  that  at  which 
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W  TiAue  Bbcml  two  inches  in  diamcu^r  in  the  (ocum 
icrar  A  i  D  is  the  hulb  of  a  thrnnoiiu-UT  in  lli«* 
aif  mirrar  B.  As  »oon  an  the  hcati-d  Imll  in  put 
liar*  the  thennoinetcr  will  ri»«c  and  ^'ivv  cvidcnc*'  o( 
Esed  tsiE'ierature.  AnoiluT  thcnnoinrtrr  uitiy  !>«• 
:  ibf  same  distance,  but  out  of  the  fixiiN ;  and  iIiih, 
n  saiDS  degreie  affectfd,  will  not  U*  acted  hjhjm  to  thr 

icnmt. 

Fig.  25*.  'I'h<*  crti-rt  prodii«'«d 

-^.  may,  wc  ho|M*,  h«*  "n 


r3>N 

l"^^         lii    inf(  cxplf 

the  licatcd  h:ill  (I  iitl 
29,  iMf  placi'd  in  th«' 
foe  11 H  of  ih(;  inirrror  A. 
le  of  the  rays  of  heat  which  arc  pnyi-cicd  from  the 
body  will  fall  upon  the  mirror  !)y  which  they  will  h*' 
I  in  straight  and  paniUel  lincH,  towards  the  uppf>Hite 
•  B,  by  which  they  will  l^e  a^ain  relh'cttd,  and 
to  a  point  as  at  I),  which  iH  the  foeuN.  If  tlien  a 
neter  be  placed  in  this  iH>int  wliere  all  the  myH  of  h«'at 
jentrated,  it  must  necesKarily  ri«e. 

REFLECTORS    OF    HKAT. 

perimenting  ujwn  the  radiation  of  heal,  it  in  cuHtoni- 
ise  metallic  reflcctorH,  polished  tin  !)eing  generally 
for  the  puq)ose.  All  polished  surfaces  do  not  reflect 
lally.     Glass  is  a  much  worse  reflector  than  metal. 
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and  a  mirror  covered  with  ink  refuses  to  reflect  any  poi 
of  the  heat  that  is  thrown  upon  it.  Sir  John  Leslie,  to  wl 
labours  we  are  much  indebted  for  our  knowledge  concenMf j 
ing  radiant  heat,  made  a  long  series  of  experiments,  with  tiMP'i 
view  of  determining  the  reflecting  powers  of  diflferent  8ab»4. 
stances.  To  obtain  great  accuracy  of  result,  and  to  preveal*. . 
the  necessity  of  forming  a  new  mirror  for  every  experimea^  L 
Fig.  30.  he  adopted  the  followinf  !L 

excellent  arrangement : 
flg.  30.  A  is  a  metalfie 
mirror ;  /its  focus,  where 
all  the  rays  of  heat  are 
concentrated ;  6  6  is  a  re- 
flecting body  placed  at  some  distance  between  the  mirror 
and  its  focus.  The  rays  being  intercepted  by  the  reflecting 
surface  before  they  reach  the  focus,  will  be  thrown  back, 
and  meet  in  a  point  c,  as  far  before  it  as  they  would  have 
otherwise  been  behind  it.  The  reflector  b  b  may  be  readily 
changed,  and  the  power  of  the  bodies  placed  in  the  same 
situation  compared  by  the  effects  which  they  may  have  upon 
a  thermometer  placed  at  c.  In  this  manner  Professor  Leslie 
ascertained  the  reflecting  power  of  several  substances ;  some 
of  his  results  are  given  in  the  following  table : — 

Lead 60 

Tinfoil  softened  with  mercury  10 
Glass  ...'.....  10 
Ditto  coated  with  wax  or  oil  .      5 

A  thermometer  is  not  well  adapted  to  measure  radiated 


Brass      .     . 

.     100 

Silver     .     . 

90 

Tinfoil    .     . 

.      85 

Block  Tin  . 

.       80 

Steel      .     . 

.       70 
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and  place  them  opposite  to  each  other  at  a  convenient  dis^ 
tance.  In  the  focus  of  the  mirror  A,  put  a  hot  ball^  and  in  Hbd 
focus  of  the  mirror  B,  one  bulb  of  the  differential  thermo« 
meter,  that  to  which  the  scale  is  attached^  and  the  dry  air 
contained  in  it  will  immediately  begin  to  expand  and  drive 
the  coloured  fluid  into  the  other  bulb. 

Place  a  red  hot  ball  in  the  focus  of  one  mirror,  as  in  the 
previous  experiment,  and  gunpowder,  or  some  other  sub- 
stance easily  inflamed,  in  the  other,  and  it  will  soon  be  ex- 
ploded by  the  radiated  heat. 

The  experiment  may  be  varied  by  placing  a  piece  of  phos- 
phorus in  the  wick  of  a  candle,  and  fixing  it  in  the  focus  of 
the  mirror  B.  The  phosphorus  will  be  inflamed,  and  the 
candle  lighted. 

It  may  be  well  to  remark  that  we. learn  from  the  first  ex- 
periment, that  heat  unconnected  with  light  is  capable  of  both 
radiation  and  reflexion.  The  ball  employed  is  supposed  to 
have  a  high  temperature,  but  one  below  that  at  which  heat 
becomes  luminous.  We  have,  therefore,  a  proof  that  the 
effect  does  not  depend  upon  the  presence  of  light,  for  al- 
though light  and  heat  are  frequently  blended,  they  may  have 
a  separate  existence. 

M.  Pictet  endeavoured  to  ascertain  die  velocity  of  radiant 
heat,  and  for  this  purpose  placed  two  concave  metallic  reflec- 
tors opposite  each  other  at  a  distance  of  sixty-nine  feet.  The 
instant  that  the  heated  ball  was  placed  in  the  focus  of  one 
mirror,  the  thermometer  in  the  other  was  affected.  It  was, 
therefore,  evident  that  the  effect  was  transmitted  with  great 
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vdodty,  but  the  actual  rate  has  not,  and  cannot  be  very 
easily  determined. 


RAOIATINft   SUBSTANCES. 

AU  substances  do  not  radiate  heat  equally,  and  it  n-asi 
suggested  to  Sir  John  Leslie,  by  previous  ezperiments,  that 
this  probably  arose  from  the  nature  of  their  surfoces.  The 
means  adopted  to  determine  this  question  may  be  here  de- 
scribed, and  the  experiments  easily  repeated  by  the  reader. 
Fig-  32.  A,  ^.  32,  is  a  metallic  reflector,  B 

is  its  focus  in  which  the  ball  of  a 
differential  thermometer  is  placed ; 

I^s^  |\  /  C  is  a  tin  canister,  the  sides  of 
y^A/  which  may  be  covered  with  differ- 
<&  ent  substances.     Let  the  canister 

be  filled  with  boiling  water,  the 
surface  nearest  to  the  reflector  will  radiate  its  heat  in  that 
direction,  and  the  rays  will  be  reflected  to  a  focus  where  they 
will  act  upon  the  ball  of  the  thermometer.  Let  it  then  be 
supposed  that  one  side  is  left  uncovered,  one  coated  with 
lampblack,  another  with  isinglass,  and  the  fourth  with  ink. 
When  these  surfaces  are  severally  presented  to  the  reflector 
they  will  be  found  to  produce  different  effects  upon  the  ther- 
mometer. The  lamp  black  radiates  most,  the  ink  next,  then 
the  isinglass,  and  the  tin  least.  The  metals  are  the  worst 
radiators,  as  in  fact  we  might  expect,  for  they  are  the  best 
reflectors ;  and  it  has  been  established  as  a  general  law,  that 

q2 
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the  best  reflectors  are  the  worst  radiators,  and  also  that  ^--^^ 
best  radiators  are  the  worst  reflectors.  The  foUo^nng  taib||l^ji' 
gives  the  relative  powers  of  radiation  possessed  by  some  rafaff) 
stances  as  determined  by  Sir  John  Leslie : — 


Tiamp  black  .    .    . 

100 

Isinglass    .... 

80 

Water  by  estimate 

100 

Phimbago  .... 

75 

Writing  paper  .    . 

98 

Tarnished  le^    .     . 

45 

Resin       .... 

99 

Mercury     .... 

20 

Sealing  wax      .     . 

95 

Clean  lead  .... 

19 

Crown  glass      .     . 

90 

Iron  polished  .     .     . 

15 

China  ink    .    .    . 

88 

Tin  plate    .... 

.12 

Ice      ..... 

83 

Gold,  Silver,  Copper 

12 

Minium   .... 

80 

From  this  table  it  might  be  supposed  that  the  condition  ci  * 
roughness  or  smoothness  would  have  some  eflect  upon  the 
radiating  power  of  any  surface.  The  radiating  power  of 
tarnished  lead  is  represented  by  the  number  45,  while  clean 
lead  is  only  19.  From  a  variety  of  experiments  it  is  certain 
that  the  more  polished  surfaces  radiate  less  heat  than  the 
rough  ones,  and  as  an  illustration  of  this  fact,  the  following 
experiment  may  be  tried. 

Take  a  tin  canister,  as  already  described,  and  let  one  of  its  ■ 
sides  be  highly  polished,  and  another  scratched  with  a  piece  j 
of  sand  paper.    Turn  them  severally  when  the  canister  is 
filled  with  hot  watei*  to  the  reflector,  and  'the  thermometer 
in  its  focus  will  be  more  affected  by  the  heat  thrown  off  by 
the  rough,  than  the  smooth  and  polished  side. 

We  are  also  indebted  to  Leslie  for  another  important  feet, 
— that  within  certain  limits  the  radiation  increases  with  the 


it,  but  neither  the  reflexion  nor  radiatdon  could  be  i 
tuned,  if  there  were  not  Bome  aubBtance  to  receive  tht 
thus  made  ready  to  be  communicsted ;  we  must,  ther 
now  refer  to  the  power  of  absorption. 


The  effect  produced  wpon  the  thermometer  ball  bj 
reflexion  of  the  radiant  heat,  must  entirely  depend  upt 
receiving  the  heat  communicated,  that  is,  in  other  w 
upon  absurption.  When  beat  falls  upon  any  siibstance  it 
either  be  reflected  or  absorbed  ;  it  must  be  either  driven 
its  surface,  or  increase  its  temperatiu'e.  This  is  eiidentl 
case  in  relation  to  all  the  bodies  with  which  we  are  acquai 
and  a  not  less  evident  deduction  may  be  drawn  from  it— 
those  substances  which  reflect  best  must  be  the  wor 
absorb,  for  they  cannot  receive  much  if  they  reflect  a  | 
deal.  The  reverse  of  this  statement  ia  equally  true,  fo 
substance  absorbs  readily,  it  can  have  but  small  powc 
reflexion. 

In  all  the  experiments  hitherto  described,  the  glass 
of  a  thermometer  has  been  used  as  the  medium  for  the  a 
of  the  concentrated  heat,  and  we  have  already  shown 
glass  is  as  bad  a  reflector  as  polished  tin  is  a  good  one ;  i 
the  bulb  with  tinfoil,  and  place  it  in  the  focus  of  the  mi 
and  it  will  be  soon  discovered,  that  the  effect  produced  i 
the  thermometer  is  much  less  than  when  the 
polished  glass  ball  was  used. 
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resistance  or  non-resistance  offered  by  substances  to  the  pa 
sage  of  rays  of  heat.  We  know^  as  the  result  of  experimei 
that  heat  may  be  radiated  in  a  space  as  free  from  air  as  ^ 
can  obtain  by  artificial  means ;  we  wish,  therefore,  to  kn< 
whether  there  are  any  substances  in  nature  which  have 
tendency  to  retard  the  progress  of  this  radiated  heat.  "V 
wish  to  know  what  substances  are  permeable  to  the  rays 
heat,  that  is,  through  what  bodies  the  rays  can  pass,  ai 
consequently  what  bodies  retard  their  progress.  We  ms 
therefore,  class  our  observations  under  the  general  title 


THE    PASSAGE    OF   RADIANT    HEAT. 

There  is  a  close  connexion  between  the  effects  produced 
heat,  and  those  which  result  from  light.  It  may  not  then 
improper  to  take  an  illustration  of  our  present  subject  fit 
the  effects  produced  in  the  transmission  of  light,  although  t 
cases  are  not  precisely  analogous.  There  are  some  substant 
which  transmit  light  readily,  there  are  others  which  of 
an  irresistible  obstacle  to  its  progress — the  former  are  said 
be  transparent,  the  latter  opaque.  Glass,  water,  and  air  i 
transparent  substances ;  metal,  stone,  and  wood  are  opaqi 
Thus  it  is  with  the  rays  of  heat,  some  bodies  may  be  trai 
parent  to  them,  that  is,  admit  their  passage,  others  may 
opaque,  or  resist  their  progress.  We  must  now  endeavour 
ascertain  which  are  pervious,  and  which  impervious  to  t 
calorific  ray. 

To  illustrate  this  subject  a  reference  may  be  made  to 
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Mte  to  a  reflecting  mirror,  and  register  the  effect  produced 
upon  a  differential  thermometer  in  a  certain  time ;  then  re- 
turn the  thermometer  to  the  state  in  which  it  was  previoua 
to  the  first  experiment,  and  place  a  glass  screen  between  &a 
reflector  and  the  thermometer; — the  thermometer  will  new  , 
he  affected  in  a  much  less  degree  than  before.  This  expeii- 
ment  will  prove  that  some  substancen  intercept  the  rays  much, 
more  than  others. 

Sir  John  Leahe  also  determined  the  effects  produced  by  gn 
alteration  of  the  distance  between  the  screen  and  the  radiant 
body.  The  nearer  the  screen  was  placed  to  the  radiating 
snbstance,  the  greater  the  effect;  and  as  the  distance  be- 
tween them  increased,  the  effect  upon  the  thermometer  de- 
creased, and  was  soon  entirely  destroyed. 

M.  De  la  Roche  entered  into  an  investigation  of  the  pown 
possessed  by  radiant  bodies  at  different  temperatures  to  pene- 
trate Bcreenti,  and  proved  that  the  power  of  the  rays  increasw 
with  the  temperature  of  the  radiating  body.  This  is  a  most 
important  fact,  and  deserves  consideration  in  every  expeti- 
mentwben  screens  are  employed. 

We  have  now  considered  the  most  remarkable  phenomena 
which  attend  the  radiation,  reflection,  absorption,  and  trans- 
mission of  radiant  heat.  From  what  has  been  stated  it  msj 
be  supposed  that  the  surfaces  of  all  bodies  in  some  degree  ra- 
diate, reflect,  and  absorb,  and  are  constantly  e.tercising  all  the 
three  properties.  There  must,  therefore,  be  a  continual  inter- 
change of  heat  between  them,  and  at  the  same  time  a  ten- 
dency to  establish  a  uniform  temperature.  The  heat  radiated 
by  one  body  may  be  reflected  by  another,  but  must  bo  ab- 
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bed  by  some  one,  while  at  the  same  time  the  body  which 
suppose  to  be  radiatiiig  heat  must  be  receiving  it  from 
er  sabstances.  We  may^  therefore,  consider  every  sub- 
ace  as  a  radiator,  but  the  quality  may  be  either  in  a 
tater  or  less  degree.  There  is  an  evidence  of  design  in  the 
t  that  those  bodies  which  radiate  best,  absorb  most ;  for  if 
vere  not  so  arranged,  they  would  be  constantly  decreas- 
;  in  temperature,  that  is,  if  we  suppose  them  to  give  out 
ore  heat  than  they  receive.  And  so,  if  those  substances 
ich  have  Httle  or  no  radiation  had  great  absorbing  power, 
ar  temperature  would  soon  be  raised  higher  than  that  of 
other  substances,  and  to  the  increase  there  could,  as  far 
we  know,  be  no  end. 

^e  might  mention  many  instances  of  the  application  of 
sse  ^u:ts  to  the  arts,  one  or  two  will  be  sufficient  to  illus- 
te  the  observations  we  have  made,  and  to  impress  the 
nciples  upon  the  mind  of  the  student. 
Every  body  which  is  required  to  retain  a  high  temperature, 
)uld  have  a  surface  that  is  a  bad  radiator,  and  since  bad 
liators  are  good  reflectors,  the  same  surface  is  well  adapted 
prevent  the  absorption  of  heat,  and  keep  a  cold  body  con- 
led  within  it  at  a  low  temperature.  It  is  commonly  sup- 
sed  among  a  particular  class  of  persons  that  tea  may  be 
rt  warm  for  a  much  longer  time  in  a  common  black  porce- 
1  pot,  than  in  a  Britannia  metal,  or  bright  silver  teapot. 
>  opinion  can  be  more  opposed  to  the  results  of  experi- 
nt,  for  we  have  stated  proofs  that  bright  metallic  surfaces 
I  almost  incapable  of  radiation,  and  it  might  easily  be 
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proved,  that  few  substances  can  radiate  better  than 
porcelain. 

To  keep  an  apartment  cool,  greatly  exposed  witb 
intense  heat,  nothing  could  be  better  than  to  surrou 
outside  with  polished  metal,  which  would  reflect  ne 
the  heat  thrown  upon  it.  The  heat  which  is  suffers 
man  wearing  bright  armour,  does  not  arise  from  the  } 
from  without,  but  from  the  great  inabilityof  the  metal  1 
ate  the  heat  from  within.  A  bright  steel  dress  would, 
transmit  less  of  the  heat  of  the  sun,  than  a  suit  of  \ 
clothing.  In  our  work  on  the  Earth,  the  reader  w: 
some  instances  of  the  agency  of  these  principles,  in  pro 
natural  phenomena. 
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on  the  same  subject,  in  which  he  maintains  that  *'  visual 
issue  from  the  eyes  in  diverging  right  lines,  so  as  to  form 
pyramid  or  cone,  whose  vertex  is  in  the  eye,  and  whose  bail 
encircles  the  object  we  contemplate/'     In  the  year  b.c.  21% 
Archimedes  flourished  and  invented  his  burning  mirrors.  A 
few  years  after,  Ptolemy  Euergetes  fixed  his  great  mirror 
the  tower  of  the  Pharos  at  Alexandria.    In  the  twelfth 
tury  the  celebrated  Arabian  Philosopher  wrote  his  Treai 
afterwards  published  imder  the  title  "Thesaurus  OpticsBj" 
and  during  the  three  following  centuries  arose  Bacon,  Portii 
Maurolicus,  and  Kepler.    The  seventeenth  century  produced 
Antonio  de  Dominis,    Harriot,   Boyle,  Hooke,   Grimaldi 
Leibnitz,  Barrow,  and  the  pride  of  England,  Sir  Isaac  NeiNi 
ton.    Since  the  days  of  Newton,  the  science  has  been  held  i 
high  esteem  by  Philosophers,  and  the  many  discoveries 
cently  made,  have  acquainted  us  with  so  many  curious  fact8» 
that  it  may  now  be  fitly  denominated  the  most  beautiftd  and 
diversified  of  all  the  Physico-Mathematical  sciences. 

There  has  been  a  great  difference  of  opinion  conceming 
the  nature  of  light,  and  in  the  present  day  writers  are  by  no  , 
means  agreed  upon  this  curious  enquiry.  It  is  said  that 
Timseus,  who  wrote  a  Treatise  on  the  Nature  of  the  Soul  of 
the  World,  supposed  light  to  be  an  immaterial  essence.  Des 
Cartes  imagined  it  to  be  produced  by  undulations  excited  in 
an  ether  of  extreme  rarity.  Sir  Isaac  Newton  taught,  that 
light  consists  of  a  vast  number  of  exceedingly  small  particles 
emitted  in  all  directions  from  the  limiinous  body.  These 
particles  are  said  to  be  thrown  out  with  an  amazing  velocity 
in  right  Unes,  and  may  be  deflected  out  of  their  course  by 
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REFLEXION   OF   LIGHT. 


PO  Recalled  the  angle 
flexion^  shall  be  equal 
angle  POI,  which  i 
angle  of  incidence, 
this  is  true  in  every 
and  therefore,  it  is  i 
that  the  angle  of  reflei 
equal  to  the  angle  of 
dence.    This  is  the  first  and  fundamental  law  of  reflexio 
II.  When  parallel  rays  fall  upon  a  concave  reflecting 
face  they  will  converge,  and  meeting  will  cross  each 
at  a  point  called  the  focus. 

FJg-  34.  A  curvet 

-^  face  can  o 

consideret 
composed 
vast  nimil 
almost  infi 
small  pL'ji 
faces  ir.cli 
each  'ithei 
AB,  BC 
DJ^fig.: 

present  any  of  these  planes,  and  let  parallel  rays  a,  b,  c, 
upon  them.  Let  emyfl,gJc,  and  hi,  be  lines  perpendicu 
the  inclined  planes.  Then  the  angles  aem,  hfl,  &c.,  t 
the  angles  of  incidence,  and  as  the  angles  of  reflexic 
equal  to  them,  and  on  the  opposite  side  of  the  per; 
cular,  they  will  be  represented  by  m  c  F,  Z/F,  &c\^  the  ref 
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sented  by  images  after  reflexion  from  plane  and  curvilmear    "^ 
mirrors,  but  this  subject  may  be  more  p]*operly  introduced  \ 
when  we  describe  the  character  of  optical  instruments. 


REFRACTION   OF   LIGHT. 

It  has  been  doubted  whether  the  refraction  of  light  was 
known  before  the  time  of  Pythagoras.  Dioptrical  phenomooi 
are,  no  doubt,  much  less  frequently  observed,  than  those  d 
reflexion,  but  they  are  too  numerous  for  us  to  suppose  that 
they  were  unnoticed  by  even  the  first  inhabitants  of  the  earth. 
The  shepherd,  the  traveller,  and  the  husbandman,  in  the 
earliest  ages  must  have  frequently  seen,  and  made  many 
attempts  to  investigate,  these  curious  appearances. 

When  a  ray  of  light  falls  upon  a  transparent  uncrystal- 
lized  medium  a  portion  of  it  is  dispersed  in  every  direction, 
and  by  the  scattered  part  of  the  ray  the  surface  is  made  visi- 
ble ;  another  portion  is  reflected,  and  the  remainder  enters 
the  medium. 

In  reflexion  from  a  surface,  the  law  governing  the  directioB 
of  the  reflected  ray  is  the  same,  whatever  may  be  the  nature 
of  the  reflecting  medium.  But  when  light  is  refracted,  the 
direction  of  the  refracted  ray  will  be  different  according  to 
the  nature  of  the  medium  through  which  it  passes.  There 
are,  however,  certain  principles  which  are  universal,  and  theee 
will  enable  us  to  determine  the  direction  of  the  refracted  ray, 
whatever  may  be  the  nature  of  the  substance  by  which  the 
refraction  is  produced. 
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mdnnental Iwr of re&«ctioii «  tfaia:  Thennes  of 
)f  incidencfl  fbnned  by  any  two  isya  incident  on 
m,  have  the  aune  proportion  to  the  unci  of  the 
iBexion ;  and  thia  law  is  true  for  both  plane  and 

3P,  fig.  37,  bea  circle;  DOD  and  PCS  two  dia- 
tendicular  to  each  other.  Let  A  O  be  a  ray  of  light 
■on  the  surface  DO D,  which  we  may  congider  aa 
)  of  water.  The  ray  will  not  paaa  through  the 
straight  line,  hnt  will  be  bent  or  refracted  at  U 
Fig.  S7.  into  the  line  0  R.    The  an- 

gle made  by  the  incident 
ray  with  the  petpendicnlar, 
that  is  the  angle  AGS,  is 
called  the  angle  of  ind- 
'  dence,  and  FOB  the  angle 
of  refraction.  «A  is  the  une 
of  the  angle  of  incidence, 
andcRtbeBineofthe  angle 
of  refraction.  Now  let  G  O 
inrident  ray,  and  0  L  the  refracted  ray,  G  6  ie  the 
angle  of  incidence,  if  L,  the  sine  of  the  angle  of  re- 
^ow  G  b  will  have  the  same  proportion  to  ij  L,  as 
R  c.  Hence  it  will  appear  that  when  any  two  or 
of  light  fall  upon  the  same  medium  at  different 
ncidence,  the  sines  of  the  angles  of  refraction  will 
iame  proportion  to  their  reapective  angles  of  ind- 

n  a  ray  of  Lght  falls  perpendicularly  upon  the  snr- 
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Fig.  38. 
A    B 


Tt 


CD 


G- 


£Eice  of  a  refracting  medium^  whose  sides  are  parallel  to  each 
other,  it  will  pass  through  that  medium  in  the  same  directioii,. 
and  in  the  same  straight  line,  and  therefore,  does  not  suffer 
refraction. 

Let  F£,  fig.  38,  be  a  ray  in- 
cident at  the  point  H,  upon  the 
surface  A  C  of  the  medium  A  B 
C  D.  The  ray  will  inunerge  at, 
G,  and  have  the  same  direction, 
and  be  in  the  same  right  line  as 
FH,  and  therefore  does  not  suf- 
fer refraction. 

III.  When  a  ray  of  light  falls  obUquely  upon  the  surfsux  of 
a  refracting  medium  whose  sides  are  parallel  to  each  other,  it 
passes  through  that  medium,  in  the  same  direction,  but  not 
in  the  same  straight  line. 

Fig.  39.  Let  E  G,  fig.  39,  be  a  ray  of 

light  incident  on  A  B  C  D,  at 
the  point  G.  After  passing 
through  that  medium  it  will 
take  the  same  direction,  thougb 
it  will  not  move  in  the  same 
straight  line  as  previous  to 
refraction ;  for  how  much  so- 
ever the  ray  may  be  bent  out 
of  its  direction  at  the  first  surface  of  the  glass,  it  will  be 
refracted  as  much  in  the  opposite  direction  at  the  second 
surface.  Although  the  ray  £  G  does  suffer  refraction  at  G, 
and  is,  therefore,  prevented  from  passing  in  the  line  G/, 
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true,  whatever  may  be  the  nature  of  the  refrBcting  substance. 
Of  all  transparent  solids  glass  is  most  frequently  employed. 
There  are  many  subElances  which  have  greater  refracting 
powers,  but  there  are  none  which  can  be  obtained  with  w 
much  facility,  or  be  ground  and  polished  with  bo  much  ease. 
Still  there  are  many  objections  to  its  use,  and  particularly 
that  of  the  production  of  colour, 

There  are  ai^t  shapes  into  which  glass  is  frequently  cnl 
the  purposes  of  refraction.    These  are  called  lenses,  and  or 
represented  in  the  fallowing  diagram. 

F'S-  42.  

I V  ^  I  i  V 

1.  a.  3.  t.  fl.  «^ 

No.  1,  is  a  plano-convex  lens  having  one  side  pluiB,  tin 
other  convex  :  12  is  a  double  convex  having  both  sides  eqirally 
convex :  3  is  a  crossed  leiu,  and  its  surfaces  are  of  uneqiul 
is  a  plano-concave  lens :  5,  tt  doubte  concave 


It  does  not  appear  that  the  ancients  were  acquainted  witib 
the  real  cause  of  refraction,  although  they  had  a  know- 
ledge of  some  of  the  most  important  phenomena.  The  firil 
rational  explanation  to  be  met  with  on  the  subject  is  said  to 
be  in  the  Treatise  on  Ojitics,  by  Claudius  Ptolemy,  v 
signs  the  changes  made  on  incident  rays  to  an  attractive  powv 
in  the  medium  through  which  they  pass. 

Archimedes,  who  lived  1350  years  before  Ptolemy,  wrote  a 
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treatise  on  the  appearance  of  a  ring  nnder  water, — ^which  is 
a  phenomenon  entirely  owing  to  refraction.  In  the  life  of 
Pythagoras  written  by  Jamblicus,  (it  is  not  decided  whether 
it  is  the  Syrian,  or  he  that  was  bom  at  Colcher,  for  they  were 
contemporaries,)  an  incidental  allusion  is  made  to  optical  in- 
stroments  which  magnify  objects.  These  must  have  been 
oomrez  lenses.  Ptiny  observes  that  Nero  made  use  of  eme- 
nOds,  whose  sur&ces  were  convex,  to  assist  him  in  viewing 
exhibitions.  Seneca  knew  that  the  rays  of  the  sim,  when 
they  £J1  upon  a  triangular  prism,  are  refracted,  and  colours 
are  produced ;  and  he  says  "letters,  though  minute  and  ob- 
scure, appear  larger  and  more  distinct  when  viewed  through 
a  g^ass  bubble  filled  with  water."  But  these  bubbles  were 
probably  known  long  before  the  time  of  Seneca.  They  are 
not  unfrequently  found  in  places  where  Druidical  remains 
have  been  discovered,  and  with  them  lenses  of  rock  crystal 
of  a  regular  form  and  polished.  Some  of  these  are  globular, 
others  lenticular ; — One  an  inch  and  half  m  diameter  was 
given  by  Dr.  Woodward  to  the  University  of  Cambridge.  It 
is  probable  that  these  lenses  were  used  for  the  purpose  of  ig- 
nition ;  but  whoever  had  occasion  to  handle  or  use  them,  must 
have  observed  their  magnifying  power.  There  are  many  pas- 
sages in  the  ancient  writings,  which  relate  to  the  same  sub- 
ject, and  might  be  quoted.  One  or  two  will  be  sufficient. 
Aristophanes,  in  his  Tragedy  of  "  The  Clouds,'*  which  was 
written  to  ridicule  Socrates,  introduces  that  great  man  as  ex- 
amining Stripsiades  on  his  method  of  getting  rid  of  his  debts. 
"  111  use  the  glass  I  light  my  fire  with ;  and  if  they  bring  a 
writ  for  me,  I'll  place  my  glass  in  the  sun,  at  a  short  distance 
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jtrom  it,  and  set  it  on  fire."  Pliny  Eaya,  that  globes  of  gU«s, 
if  exposed  to  the  sun,  will  fire  cloth,  and  may  be  used  instead 
<rf  caustics.  Plautu*  also  mentions  biiming  glaa 
Alhazen,  who  wrote  on  many  optical  phen 
spoken  of  refraction,  in  the  explanation  of  which  he  adopted 
the  opinions  of  Ptolemy.  He  was  not  ignorant  of  the  refrac- 
ting power  of  the  atmosphere,  in  elevating  the  heavenly 
bodies,  and  in  giving  them  a  false  altitude ;  he  also  proved 
that  from  the  same  cause  the  vertical  diameter  of  the  si 
tooon  are  apparently  contracted,  and  beheved  it  to  be  llu 
origin  of  the  twinkling  of  the  stars. 

Vitelho,  who  wrote  a  Treatise  on  Optica,  showed  that  when 
light  passes  through  any  medium,  a  considerable  portion  of  tl 
becomes  extinct.  He  also  formed  a  table  of  the  different  re- 
fractive powers  of  air,  water,  and  glass,  and  proved  that  re 
fraction  was  necessary  for  the  production  of  the  ranbow. 

Roger  Bacon  accounts  for  the  superior  magnitude  of  the 
stars  when  seen  on  the  hori/on  than  on  the  zenith,  in 
following  manner.  "The  rays  of  light  coming  from  the 
stars  are  made  to  diverge  from  one  another,  not  only  hjr 
passing  from  the  rare  medium  of  ether  into  the  denser  one  of 
our  surrounding  air,  but  also  by  the  interposition  of  clovda 
and  vapours  arising  out  of  the  earth,  which  re[)eat  the  T 
fraction  and  augment  the  dispersion  of  the  rays,  whereby  the 
object  must  needs  appear  magnified  to  the  eye." 

John  Baptjsta  Porta  was  the  inventor  of  the  Camera  Ob- 
Bcura.  This  singulnrly  ingenious  philosopher  formed  an  aft- 
aociation,  called  "The  Academy  of  Secrets,"  and  published; 
before  he  was  fifteen  years  old,  his  "  Magia  Naturalis,"  in 
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which  he  describes  the  Magic  Lanthoni,  and  tlie  iantrxzciKit 
afaready  mentioDed. 

Shortly  after  the  time  of  Porta,  Soeificu  Sacnv*nd  'Jat 
method  of  measuring  refraction  by  mcaat  of  the  vaa,  Many 
persons  have  given  the  honour  to  Da  Cartai,  Vis  Hi^f  »c<i 
dedares  that  he  transcribed  it  into  his  wodu  frncn  *i:e  zaz/ert 
of  Sneiliiis.  We  are,  however,  much  codebctfi  Vi  Tin  Cartn, 
and  Dr.  HaUey  pays  him  a  jn«t  tribute  of  orjcrAr,  when  he 
ays,  *'  although  some  of  the  ancients  mentznn  refnccon  » 
the  effect  of  a  transparent  medznm,  yet  Ihst  Cariea  wu  *ije 
first  who  reduced  Dioptrics  to  a  aceoce.*' 


CHROMATICS,   OS   THE   THEORT   OF   COLOUR. 

We  have  hitherto  considered  light  ra  a  simple  snbftance 
of  a  white  colour.  But  a  beam  of  white  or  solar  light  Ir 
capable  of  decomposition,  and  l«  found  to  consist  of  seven 
differently  coloured  rays.  This  fact  W2a  discovered  by  Sir 
Isaac  Newton,  and  may  be  proved  in  the  most  striking  man- 
ner by  the  following  experiment.  Let  us  admit  through  a 
small  round  hole  in  the  window  shutter  a  ray  of  light  into 
a  dark  room.  If  this  be  received  on  a  white  screen,  it  will 
present  the  appearance  of  a  round  white  spot,  which  will  in- 
crease in  size,  as  the  screen  is  removed  to  a  greater  distance 
from  the  hole.  But,  now  place  a  triangular  prism  of  good 
fiint  glass  in  the  path  of  the  ray,  and  let  it  be  in  such  a  direc- 
tion that  one  of  its  angles  may  be  downwards,  the  beam 
felling  on  one  side  obliquely.     The  light  passing  through 


P^  glass  will  be  refracted  and  tlirown  upwards,  and  may 
pbe  received  on  a  screen,  or  the  white  surface  of  a  wall  oi 
cfflling.  Upon  this  screen  a  long  streak  of  vivid  coloniH, 
iwually  called  a  Hjiectrum,  will  be  observed.  The  lower  u 
tremity  is  a  brilliant  red,  which  passes  into  an  orange,  and  ia 
succeeded  by  a  pale  straw  yellow;  a  pure  and  intense  gi 
succeeded  by  a  blue  deepening  into  a  pure  indigo,  are  next  is- 
order,  and  a  violet  forms  the  other  extremity  of  the  spectrum. 
Any  of  these  colours  may  evidently  be  obtained  separatel]', 
for  if  a  small  hole  be  made  in  the  first  screen,  it  may  be  ■ 
adjusted  as  to  admit  any  one  of  the  rays  to  pass,  and  &I1 
opon  a  screen  situated  behind  it.  From  this  experintait 
we  might  be  induced  to  enquire  whether  these  insulated  layl 
may  not  he  again  decomposed ;  the  attempt  has  been  made 
Why  placing  another  prism  between  the  two  screens,  and 
I  «Ibwing  a  ray  of  either  coloured  light  to  pass  through  it: 
refraction  will  be  observed,  but  there  will  be  no  further 
change  of  colour.  As  we  can  analyze  white  light  it  may  be 
supposed  that  it  can  also  be  recomposed,  which  is  true. 
for  instance  we  admit  a  ray  of  light  upon  a  prism,  and  throw 
the  spectrum  upon  a  convex  lens,  a  spot  of  white  light  wiD 
be  formed  on  a  screen  placed  behind  it. 

Mac  Laurin,  Newton's  faithful  commentator,  in  detaihiig 
the  experiments  of  that  pbiloeopher,  makes  the  follomng 
remarks,  which  may  he  quoted  as  acciurately  expressing  the 
opinions  of  his  author : — "  The  sun's  direct  hght,  is  not 
form  in  respect  of  colour ;  not  being  disposed  in  every  pul 
of  it  to  excite  the  idea  of  whiteness  which  the  whole  rtusea; 
Lbut  on  the  contrary,  is  a  composition  of  difierent  kinds  at 


CBftOMATICft. 


251 


rays,  one  sort  of  which,  if  alone,  would  give  the  sense  of  red, 
anotiher  of  orange,  a  third  of  yellow,  a  fourth  of  green,  a 
fifth  of  light  blue,  a  sixth  of  indigo,  and  a  seventh  of  violet ; 
tiiat  aU  these  rays  together,  by  the  mixture  of  their  sensations, 
impress  upon  the  organs  of  sight  the  sense  of  whiteness, 
thoogh  each  ray  always  imprints  there  its  own  colour ;  and 
a&  the  difference  between  the  colours  of  bodies  when  viewed 
in  open  day-light  arises  from  this,  that  coloured  bodies  do 
BOt  reflect  all  sorts  of  rays  falling  upon  them  in  equal 
plenty ;  the  body  appearing  of  that  colour  of  which  the  light 
eoming  from  it  is  most  composed." 

To  produce  white  light,  it  is  necessary  there  should  be  a 
ramion  of  all  the  colours,  for  if  either  be  intercepted  the 
white  ifl  not  produced,  and  we  may,  in  &ct,  form  any  shade 
of  cdoor,  with  a  brilliancy  surpassing  any  artificial  colouring, 
by  modifying  the  amount  of  the  several  rays. 

Dr.  WoUaston  considered  the  spectrum  to  consist  of  only 
tana  colours,  red,  green,  blue,  and  violet,  supposing  the 
odiers  to  be  compounded  of  them.  Dr.  Young  on  the  other 
hand,  considers  red,  green,  and  violet  as  the  fundamental 
oolonrs. 

From  what  has  been  said,  it  will  almost  suggest  itself  to 
efsry  mind,  that  the  colours  of  bodies  are  not  inherent.  We 
have  seen  the  same  white  screen  presenting  a  red,  yellow, 
riolet,  and  other  colour  according  to  the  character  of  the 
ray,  or  combination  of  rays  throMm  upon  it.  The  real  cause 
of  a  variety  of  colour,  according  to  the  Newtonian  theory,  is 
the  different  dispositions  of  substances  to  reflect  peculiar  tints. 
Every  substance  has  a  greater  power  to  reflect  one  coloured 
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ray  than  another^  and  the  others  are  more  or  less  tram 
)nitted^  stifled^  or  in  other  words  absorbed.  This  is  tfa 
Newtonian  theory  of  colours^  and  is  supported  by  the  read 
explanation  it  gives  to  every  phenomenon. 


DISPERSION. 

In  explaining  the  laws  of  refraction^  the  refractive  inde 
of  a  ray  incident  upon  a  medium^  was  considered  as  though 
passed  through  in  one  direction,  and  su£fered  no  separataoi 
It  must  now  be  evident,  that  this  is  not  absolutely  tnie 
for  in  passing  through  a  refracting  medium,  the  ray  do< 
undergo  separation,  is  divided  into  a  number  of  parts,  ac 
is  in  fact  dispersed  over  an  angle  greater  or  less,  according  i 
the  nature  of  the  medium  on  which  it  falls,  and  the  obhqni 
of  the  incident  ray. 

The  first  proposition  in  Sir  Isaac  Newton's  Optics,  i 
"  Lights  which  differ  in  colour,  differ  also  in  degrees  of  r 
frangibihty.''  This  he  proved  by  some  mteresting  expei 
ments.  In  his  first  experiment  he  took  a  piece  of  obl<» 
paper,  which  he  cut  so  as  to  form  the  sides  paralleL  £ 
then  drew  a  perpendicular  right  line  from  one  side  to  tl 
other,  so  as  to  divide  it  into  two  equal  parts.  One  of  these) 
painted  red,  the  other  blue.  This  paper  he  viewed  by  meai 
of  a  glass  prism,  ''whose  two  sides  through  which  the  % 
passed  to  the  eye  were''  says  Sir  Isaac,  ''plane  and  w< 
polished,  and  containing  an  angle  of  about  60^,  which  angli 
call  the  refracting  angle  of  the  prisms ;  and  whilst  I  viewed  i 
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I  held  it  before  a  window  in  soch  a  maumer  Haai  tbe  crie*  ji 
the  paper  were  paraUel  to  the  prism,  and  both  dujue  wuie^ 
and  the  prism  parallel  to  the  hortzon,  and  tiie  cnm  not  ytr- 
l^dicular  to  it;  and  that  the  light  which  feO  from  cise  win- 
dow upon  the  paper,  made  an  anide  with  the  paper  tr^^  v> 
^lat  angle  which  was  made  with  the  tame  paper  hj  the  li;7bt 
reflected  from  the  eye."  He  then  obeerred  that  vben  :h« 
refracting  angle  of  the  prism  was  tamed  opfrards,  the  Wxjt 
half  was  raised  by  refraction  higher  than  the  red,  and  vben 
the  refracting  angle  of  the  prism  was  tnmed  dovnwards  the 
blue  half  was  depressed  lower  than  the  red." 

From  this  it  was  proved  that  bine  oolofir  soffen  a  greater 
degree  of  refraction  than  red. 

A  question  naturally  presenting  itself  in  this  place  would 
he.  Do  media  differ  in  their  dispersire  powers?  Different 
\  media  have  different  refractive  powers,  have  they  different 
dispersive  powers  ?  Newton  supposed  that  they  had  not, 
and  Mr.  Hall  of  Worcestershire  was  the  first  to  discover  the 
mistake.  But  his  discovery,  though  applied  by  himself  to 
the  construction  of  achromatic  telescopes,  appears  to  have 
been  neglected.  It  was  re-discovered  and  re-applied  by  Mr. 
Dollond. 

K  we  take  two  prisms,  one  of  flint  glass,  the  other  of  croiii-n, 
having  equal  refracting  angles,  and  let  two  rays  fall  upon  them 
severally,  both  rays  will  be  decomposed,  but  upon  comparing 
the  spectra  several  points  of  distinction  will  be  observed. 

The  deviation  of  the  red  and  violet  rays,  as  produced  by  the 
flint  glass,  will  be  greater  than  that  produced  by  the  crown ; 
and  the  angles  of  dispersion  will  not  be  to  each  other  in  the 
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same  ratio  with  the  angles  of  deviation,  aa  Newton  Bupj 
them  to  be,  but  in  a  higher  ratio. 

Bui  now  let  ua  lake  a  priam  of  crown  glass,  with  a  refrac- 
ting angle  EO  much  increased,  as  to  make  the  deviation  of  iti 
red  ray  equal  to  that  of  the  Hint ;  the  violet  ray  will  not, 
BTen  now,  be  of  equal  deviation  with  that  of  the  flint  glut 
prism.  If,  therefore,  we  take  two  such  prisms,  and  plaee 
them  together  with  their  edges  turned  opposite  ways,  the 
red  ray  will  be  equally  refracted  in  opposite  directions,  i 
will  suffer  no  deviation,  hut  as  the  violet  rsy  is  more 
&acted  by  the  flint  than  the  crown,  it  will  be  bent  down< 
wards  towards  the  tlucker  part  of  the  glass, 
rected  colour  will  remain.  By  this  means  we  may  detemuse 
the  dispersive  powers  of  different  media. 

From  what  has  been  already  stated,  ic  will  appear  a  moit 
desirable  object  to  correct  the  dispersive  power  of  any  u 
dium ;  and  in  order  to  do  this,  we  must  first  determine  the 
amount  of  its   dispersion.     How  is  this  to  be  done? 
U9  suppose  that  we  have  formed  the  substance  whose  dis- 
persive power  is  required  into  a  prism,  that  we  have  aaoa- 
tained  its  refracting  angle,  and  refractive  indeit.     Now,  if  W 
would  determine  its  dispersive  power,  we  must  have  aotat 
standard  of  measurement.     It  is   certainly  impossible  f<»  nl 
to  have  a  series  of  standard  prisms  of  every  refrai'tin){  an^ 
required,  we  must,  therefore,   have  some  means  of  vaiTiqg 
the  refracting  angle  of  the  same  prism,  and  thus  we  ah 
obtain  a  standard.    Several  methods  of  doing  this  have  be 
proposed. 

Tills  subject  has  more  than  a  speculative  interest,  for  in  : 
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afiplication  to  tbe  improvement  of  the  refracting  telescope,  it 
has  the  greatest  practical  utility.  It  may  be  taken  as  an 
axiom  that  refraction  cannot  happen,  without  the  produc- 
tion of  colour,  for  every  lens  acts  in  the  same  way  as  a 
prism.  When,  therefore,  we  combine  lenses  in  a  telescope, 
ve  can  only  destroy  colour  by  the  destruction  of  the  refrac- 
tire  power ;  as  when,  in  a  previous  experiment,  we  combined 
two  prisms  of  the  same  materials  and  exactly  the  same  dimen- 
OODB.  But  by  the  union  of  lenses  having  different  disper- 
lire  powers,  this  may  be  done ;  for  lenses  have  been  con- 
structed which  do  refract  without  producing  colour.  These 
are  called  achromatic,  from  two  Greek  words  signifying 
without  colour. 

ABSORPTION   OF   LIGHT. 


It  has,  perhaps,  been  often  asked,  why  are  some  bodies 
transparent,  and  others  opaque  ?  Although  we  cannot  give 
a  direct  answer  to  this  question,  we  may  illustrate  the  cause 
of  the  phenomenon.  When  we  say  that  a  body  is  transpa- 
rent, we  mean  that  it  will  allow  light  to  pass  freely  through 
it,  which  may  be  an  actual  passage  through  the  molecules  or 
between  them.  But  no  body  is  perfectly  transparent,  for 
a  portion  of  light  is  always  lost  in  passing  through  a  me- 
dium. This  must  often  have  been  observed  when  light  is 
admitted  first  through  an  opening,  and  then  through  glass. 
It  is  also  well  known,  that  on  the  tops  of  high  mountains  a 
greater  number  of  stars  can  be  seen  by  the  naked  eye,  than 
on  the  plains,  which  must  be  occasioned  by  the  absorption 
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of  light  during  its  passage  to  the  earth,  through  the  loi^iS 
portions  of  the  atmosphere.  '"^ 

And  as  no  body  is  perfectly  transparent,  all  are  transpareni 
in  a  degree.  Gold,  a  dense  metal,  may  be  beaten  so  thin  mi 
to  admit  the  passage  of  light ;  and  charcoal,  the  most  opaqd 
of  all  bodies,  is  one  of  the  most  transparent  in  the  conditidi 
of  a  diamond.  ^ 

This  diminution  in  the  intensity  of  light,  in  passin|( 
through  media,  is  called  absorption.  But  every  substanci 
is  unequally  transparent  for  the  differently  coloured  TRyi, 
some  are  always  absorbed  in  preference  to  others,  and  thir 
causes  the  colours  of  bodies  as  seen  by  transmitted  light 
Sir  John  Herschel  mentions  an  interesting  experiment,  by 
which  it  may  be  shown  that  even  the  same  substance  has 
different  absorbing  powers  on  differently  coloured  rays.  Take 
a  piece  of  deep  blue  glass  and  look  through  it  at  the  image 
of  a  narrow  line  of  light,  as  a  crack  in  the  shutter  of  a  dark- 
ened room,  refracted  through  a  prism,  "  whose  edge  is  paral- 
lel to  the  hue  and  placed  in  its  situation  of  minimum  de\ia- 
tion.**  If  the  glass  be  thin,  the  whole  of  the  spectrum  will  be 
seen ;  if  of  moderate  thickness  it  will  be  separated  by  per- 
fectly black  intervals,  which  correspond  to  the  extinguished 
rays.  Increase  the  thickness,  and  the  black  spaces  become 
broader  and  broader. 

The  hypothesis  proposed  to  account  for  this  phenomenon 
may  be  thus  explained.  It  is  supposed,  that  for  every  equa 
thickness  of  the  medium  traversed  by  the  light,  an  aliqud 
part  of  the  rays  is  absorbed.  Let  us  suppose  that  one 
thousand  rays  fall  on  a  green  glass,  and  that  in  travers 
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the  first  one-tenth  of  an  inch,  one  hundrer]  are  extin- 

there  win  then  remain  nine  hundrefl  at  that  fKiint ; 

of  these  will  be  absorbed  in  passing  throTi((h  th^ 

one-tenth  of  an  inch,  and  so  on.    According  to  thii4 

;  total  extinction  cannot  happen  in  any  merliiim  */( 

thickness,  but  it  may  be  reduced  to  an  inappreciabli* 

itity. 

It  must  have  been  often  observed,  that  the  «tamfr  m<!dium 

IwiU  present  different  coloiu^  when  it  has  different  thirk- 

Desses,  and  this  may  at  first  appear  altogether  unacciiintabl'? 

by  the  hjrpothesis.    We  will,  however,  give  a  condeniied 

account  of  Sir  John  Herschel's  illustration.     Ijti  us  take 

a  thm  hollow  glass  wedge,  and  enclose  in  it  a  strong  solution 

of  muriate  of  chromium.     **  If  we  IrK^k  through  the  edge 

where  it  is  thinnest,  at  white  paper,  it  api)ears  of  a  fine 

green,  but  if  we  slide  the  wedge  before  the  eye  grail ually  ho 

as  to  look  successively  through  a  greater  and  greater  thick - 

Iness  of  the  liquid,  the  green  tint  grows  livid,  and  pasHeH 
.  through  a  sort  of  neutral  brownish  hue  to  a  deep  blood  red. 
The  green  liquids  in  question  have  two  distinct  maxima,  the 
one  corresponding  to  the  extreme  red,  the  other  to  the 
green."  But  the  extreme  red  is  very  feeble  compared  with 
the  green,  and  does  not  at  first  affect  the  eye,  but  as  the  ab- 
sorption goes  on,  the  green  rays  are  more  rapidly  extin- 
guished, and  the  red  rays  gradually  become  more  distinct, 
and  overpower  the  green.  Let  us,  for  instance,  suppose  that 
a  beam  of  white  light  is  incident  on  this  prism  of  muriate  of 
chromium,  and  that  the  beam  is  composed  of  ten  thou- 
sand rays,  all  equally  illuminative  ;  then,  according  to  the  pro- 

s 
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portions  existing  between  the  colours,  we  should  have  the 
following  results,  in  which  green  has  the  flnperiority  until 
passing  through  the  fifth  one-tenth  of  an  inch,  and  then  the 
red  predominates. 

Extreme  Red.  Red&:  Tdlov.    Gttea.    Bhie.    Indigo.   Violet 
Orange. 


Proportion  of  10,000  rays 
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1000    500 

Proportion  after  passing 
1-1 0th  of  an  inch 
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•'    2d  1-lOth 
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13 
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i( 
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1       0 
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0 
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0 

0      0 

"    5th  1-1 0th 
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0 

0 

87 

0 

0      0 

"    6th  l-lOth 

(( 
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0 

0 

43 

0 

0      0    , 

This  explanation  n 

aay  be 

• 

apphed  to  all  those  cases  whcfe 

the  colour  of  transmitted  light  changes  with  the  thicknesB  j 
of  the  plate.  A  great  number  of  instances  will  prohdiif 
suggest  themselves;  one  of  the  most  common  occurrence:  is 
that  in  which  the  absorption  increases  from  the  red  to  the 
yiolet  end.  Red  glasses,  port  wine,  infusion  of  saffix>n  and 
other  substances,  act  very  rapidly  on  the  violet  rays,  and  soon 
entirely  obliterate  them. 

THE    ANATOMY    OF    THE    EYE. 

No  part  of  the  human  body  is  more  refined  in  operation, 
or  more  delicate  in  construction,  than  the  eye.  It  is  an  organ 
consisting  of  an  assemblage  of  lenses,  so  arranged,  as  to  con- 
centrate all  the  rays  falling  upon  it  from  different  objects, 
and  to  project  their  images  upon  a  nervous  expansion  called 
the  retina.    For  the  convenience  of  description  anatomists 
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ve  BCCiHtoBed  to  ezphin  the  eamtnMMk  f4  ihm  orgpkL, 
under  the  two  general  dswmanm, — dM  bulb  of  the  cfe,  uud 
its  appendages. 

The  eye-lids  or  palpebrv,  are  the  most  promineiit  Appen- 
dages of  the  eye.  ''The  eje-lids,  or  moreabie  amaim  «>- 
pended  before  the  eye  are/'  says  Mr.  Dalrnnple,  in  his  mr^t 
aceUent  work  on  the  anatomy  of  that  organ,  ^  ectm^/^td  fA 
ddn,  cartilage,  figament,  nnuclcf,  nuKom  aiemh«afie,  glatti*. 
biirs,  and  a  peculiar  cellalar  tiasoe.  Sbnple  a^  they  maT 
appear,  if  viewed  externally,  and  withmxt  refermce  to  tht.r 
pbysiological  arrangement,  still  there  i«  im>  little  CMBpfezxty 
in  dieur  minute  organization;  and  nprin  the  nice  adaptation 
nd  dose  correspondence  of  cadi  hd  with  the  other,  and 
both  with  the  eye-baD,  depends  not  only  the  perfiectkm  td. 
TiBkn,  but  also  the  actual  safety  of  the  organ.  The  palpebrap 
ne  lined  with  a  soft  substance,  which,  connecting  the  eye 
Hid  the  lid,  has  received  the  name  of  tunica  oonjunctiTa." 

The  uses  of  that  structure  ofually  called  the  white  of  the 
eje,  are  to  prevent  friction  between  the  eye  and  its  lid,  and 
at  the  same  time  to  defend  the  globe  from  da«t,  in^tect^,  and 
other  small  substances  contained  in  the  atnwMphere.  Tne 
skin  is  remarkably  thin  and  delicate.  Shalupeare  refers  M 
the  beautiful  structure  of  thu  apparatus  in  the  following 
description : — 

*  The  flame  o'  the  tay^r 
Bom  towvds  her.  and  wcnld  xxiuierp^en  her  lidi. 
To  see  the  enclosed  lizhts.  nov  canopied 
Under  these  windoin :  vhite  and  azure,  laced 
With  blue  of  hearen's  own  rxnt-*" — Cy»iWi»«. 
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260  THE  LACHRYMAL  APPARATUS. 

The  borders  of  the  eye-lids  are  ornamented  with  a  row  of 
stiff  hairs,  called  cilia,  or  the  eye-lashes,  which  are  necessary 
for  defence  as  well  as  for  beauty. 

ITie  two  extremities,  or  comers  of  the  eye,  are  called 
canthi ;  that  near  the  nose  is  the  canthus  major,  and  the 
other  the  canthus  minor. 

Towards  the  upper  part  of  the  eye  is  the  lachrymal  gland, 
which  furnishes  the  fluid  called  tears.  To  favour  the  escape 
of  this  fluid  there  is  a  small  hole  in  each  eye-lid,  called  the 
punctum  lachrymale,  near  which  is  a  little  fleshy  substance, 
the  caruncula  lachrymalis,  which,  by  preventing  the  eye- 
lids towards  the  canthus  major  from  closing  entirely,  partly 
answers  the  end  of  the  puncta  lachrymalia.  The  gland  is 
powerfully  acted  upon  by  mental  excitement,  and  its  secre- 
tion is  often  so  great  as  to  flow  over  the  cheeks  instead  of 
passing  through  the  aperture  provided  for  it. 

"The  lachrymal  apparatus,"  says  the  author  already 
quoted,  "  may  be  divided  into  two  distinct  portions ;  one 
secreting,  the  other  distributing  and  conveying  away,  the 
fluid  furnished.  The  former  of  these,  consisting  of  the 
gland  and  its  ducts,  is  situated  at  the  upper  and  outer  part 
of  the  orbit.  It  is  wholly  distinct  from  and  independent  of 
the  latter,  which  is  placed  principally  at  the  inner  angle  of  the 
eye.  The  tears  must,  therefore,  pass  from  without  inwards, 
over  the  anterior  surface  of  the  sclerotic  and  corneal  mem- 
branes, before  they  are  finally  conveyed  through  the  lachry- 
mal puncta  and  canals  into  the  nasal  cavities." 

These  are  the  appurtenances  of  the  eye,  and  we  now  pro- 
ceed to  explain  the  structure  of  the  organ  itself,  which  is 


CORNEA   AND   AQUEOUS   HUMOUR.  2Gl 

extremely  beautiiiil  from  its  simplicity  as  well  as  its  arlapta- 
tkm  to  the  purposes  for  which  it  was  formed. 

The  eye-ball  is  nearly  spherical  and  about  an  inch  in  dia- 
Kg.  43.  meter.  ABCD,  fig.  43,  is  the 

exterior  coat  enclosing  all  the 
membranes  and  humours,  and 
is  called  the  tunica  sclerotica. 
It  is  a  tough,  opaque  mem- 
brane, and  derives  its  name 
from  a  Greek  word,  expres- 
sive of  its  peculiar  structure. 
A  small  round  portion  AED  of  this  exterior  coat,  differs  in 
character  from  the  other  parts;  it  is  called  the  cornea,  and  in 
situated  in  the  centre  of  the  eye,  and  is  so  tough  that  it  will 
resist  any  moderate  external  force.  Its  real  figure,  according 
to  M.  Chossat,  is  an  ellipsoid  of  revolution  round  the  major 
axis. 

The  aqueous  humour  is  situated  immediately  behind  the 
cornea,  and  filling  up  the  cavity  gives  a  spherical  appearance 
to  that  part  of  the  eye.  It  consists  of  water  holding  a  little 
muriate  of  soda  and  gelatine  in  solution,  with  a  trace  of  albu- 
men. Its  refractive  index  according  to  the  experiments  of 
Dr.  Brewster  is  1*337,  almost  exactly  the  same  as  water. 
The  iris,//,  which  is  situated  within  the  aqueous  humour, 
is  an  opaque  circular  membrane,  or  collection  of  muscular 
fibres,  having  an  aperture  in  the  centre,  called  the  pupil. 
This  aperture  may,  by  a  beautiful  muscular  arrangement,  be 
contracted  or  dilated,  so  as  to  be  adapted  to  the  intensity  of 
light  falling  upon  it.     When  the  light  is  strong  the  pupil  is 
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contracted ;  when  feeble  illkted.  Behind  the  iris  there  ii 
R  Eransparpnt  lenspp,  called  the  crystallinf 
tains  in  its  compuaition  a  much  larger  proportion  of  albtunen 
and  gelatine  than  any  of  the  humoura  of  the  eye,  and  it 
somewhat  denser  towards  the  centre,  than  at  the  outei 
face.  This  increase  of  density  is  evidently  important  ii 
reeling  the  aberration,  which  is  probably  its  entire  use.  The 
vitreous  humour  K  fills  up  the  remainder  of  the  eye.  It 
differs  but  little  in  composition  from  the  aqueous  humour, 
and  in  probably  intended  to  preserve  a  fitting  ^stance  be- 
tween the  lens  and  the  retina. 

We  have  spoken  of  the  sclerotica  as  a  membrane  endoB> 
ing  ail  the  coats  and  humours  of  the  eye.  Now  the  inon 
Burfsce  of  the  posterior  part  of  this  coat  is  covered  by  ■ 
delicate  membrane,  called  the  choroid,  which  is  lined  with 
a  black  velvety  matter,  the  pigmentum  nigmui,  evidently  in- 
tended to  absorb  and  stifle  all  the  light  which  reaches  it. 
On  the  inner  side  of  this  hes  the  retina,  which  lines  the 
whole  of  the  posterior  chamber,  to  the  point  where  the  csp- 
fiule  of  the  lens  commences.  The  retina  is  a  fine  delicate 
membrane,  an  expansion  of  the  optic  nenx,  which  connects 
the  eye  with  the  brain,  and  joins  with  it  near  the  inner  Co 
neroftheeye.  Upon  the  retina  the  image  of  objects  a: 
punted,  and  by  it  conveyed  so  as  to  produce  sensation.  The 
situation  of  the  pigmentum  nigrum  immediately  behind  it, 
is,  therefore,  most  admirable,  preventing  any  confudcoi  of 
vision  that  might  arise  b-om  internal  reflexions. 

Such  is  the  structure  by  which  the  rays  of  light  are  a 
verged  and  brought  to  a  focus  on  the  retina.    But  vs  aM 


SIGHT  AT   L03r6  XWX  ^OnaST    IfJrfTMiSAVJbr  Jl'. 


aUe  to  see  objects  siliiMrrf  ac  -KmoMim  umummr.  .  Uaaa^  wi^': 
are  near,  as  well  as  tkum  v^ica.  «r  fUcuei:  '!»«>  jlju» 
then  be  some  intemal  p&9«tc  10  v»ii«ci  ta«»  ^^v'  qm  ^^ue^* 
itself  to  the  difoem  flCSBCiuui  1^  iMrs^y.  Ti^.  i^:w  o  - 
lens  or  system  of  Icbkh  ii  junior  iir  ud^  taui  itr  unfiAH. 
objects^  and  as  the  eye  »  411L7  t.  irKoen  n'  4«im»^^  !(««>  luaf 
be  some  power  of  a^mcDeoc  1P^«  ul  a  jm?.  4ki«ifv  lu^ 
there  is  snch  a  power,  5ir  wt  5v&.  rMuatfet  ir  mi*  vuaiUxis^ei 
exertion  of  it,  and  htmet  -mtvst  jxu^i  «iimmk  r «.  lutM^uja- 
action,  bnt  anatoniala  aant  ywiamuyMst*  i0»  lOfbtrcifwc  jir  a 
its  nature.  Dr.  Olbci»r  fir  li^csmt  £uiift  adit  luuutfuei 
attribute  it  to  the  actiiHb  ^iisut  iktA.  nuvcftit.  v*fuCL  wt  uwrf 
to  move  the  eje  m  mt  fenin.  iin  tut  nmnihaBrawur  neuoi 
of  these  it  is  said  a  ppMmiR  «  ^aefMst  iqmji  ^  fiiutir. 
fiordngont  the  camta,  auc  juaEvaiui^f  n*  disBnioeffenaL  Uit 
letina.  Bnt  Dr.  TaBv  uirRiCMsC  ^t  .im  friuauitioL,  <iiic 
has,  we  think,  sacaife&crvr  yev^'vt  ziac  ':iit  *»iim:  iMs^^iftrt 
cannot  be  the  trae  mk.  lit  uifv  tfiuvt  :afir.  jo.  ur^er  ^i-  ^.^ « 
distinct  yision  at  a  &aai«  t^  ^^uE«t  Jiiici«n  -sut  epe  muii:  iit 
fiofoed  into  the  foam  <d  aat  ^SopttMig  lefrjsu^  rjt  «ctt  tane-^wr^eint. 
longer  than  in  its  nasorik  «aCre.  Tiut  mbom  21.  isM^  impru- 
bable,  and  pgitimjarir  tio*  nau  wt  trjmuier  laKr  czsvok 
tou^mess  of  the  sAyptaoL  i>r.  Y'l^staag  »  nsaeer  izKxzkec 
to  suppose  diat  the  cnrttaSise  joof  k  ^sk^Jml  ^  as  aJxenccoz. 
in  form,  and  beromf*  moiv  ooirrex  witcs  tse  eje  k  u>  U 

fltlapteii  tn  a  ii#ar  Htrtanrr     lUs  OpilDOD  k  EtreDgthoied  br 

the  muscular  appearance  of  the  lens,  as  mar  be  seen  by  the 
examination  of  the  ere  of  a  fish.  Nerres  hare  not  yet,  it 
is  true,  been  traced,  but  there  is  at  least  a  strong  presnmp- 
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ITie  influeiice  of  the  several  humours  upon  the  directioil 
of  the  rays  may  be  easily  traced: — Let  AB,  fig.  44,  repre* 
sent  an  object  at  a  considerable  distance  from  the  eye  C  E, 
and  Bb,  Aa,  rays  of  light  proceeding  from  it.  The  action 4>f 
all  the  himiours  is  to  converge  the  pencils  of  light,  and  90 
much  so  that  the  rays  cross,  and  the  image  is  painted  on  the 
retina  in  an  inverted  position;  the  rays  A  wiU  fall  upon  it  at «, 
the  rays  B  at  b.  The  image  of  an  object  being  inverted  on 
the  retina,  it  may  be  considered  as  not  a  little  singular  that 
we  perceive  every  thing  upright.  This  has  been  denied  by 
some  authors,  who  believe  that  we  perceive  all  objects  in- 
verted, and  that  the  sense  of  touch  corrects  the  errors  of 
sight. 

The  case  of  the  boy  found  at  the  gates  of  Luxemburgh, 
who  had  from  infancy  been  confined  in  a  dark  chamber,  is 
one  of  many  examples,  that  when  sight  is  first  given  objects 
are  not  seen  in  an  inverted  position.  There  is,  therefore, 
some  agency,  unknown  as  yet  to  the  anatomist  and  philoso- 
pher, between  the  retina  and  the  brain,  or  between  the  ani- 
mal and  thinking  beings,  which  eiSects  this  change. 

Defective  vision  or  total  blindness  may  arise  from  a  variety 


tion  that  this  is  the  mechanism  adopted,  the  subject  how^^     1 
ever  is  fully  open  to  examination. 

Fig.  44.  I 


APPXJkftANCB  APTEB   SEPLEXfOX  2fC.'/ 

ofcmwE.    Any  affection  of  the  optic  nen'e  vi]]  tA  f^mrttf 
hire  a  direct  influence ;  paralysis  for  inirtanc«  may  \ntAnf'^. 
vhik  it  lasts,  total  blindness,  and  cases  have  Fi«s«m  ktumfu 
vfaere  the  affection  of  one  nerve  has  caiue^J  haif  hhttAtu^n^, 
Hie  loss  of  transparency  in  the  crystalline  leiw,  m  lu  /«u 
TKt,  preventing  the  passage  of  light  will  \9T*AtirJi  kit  ituU^^ 
tinct  vision  or  blindness.    But  by  removing  or  y*M.iU^  *r»t 
of  the  way  an  opaque  cr}'8talline,  the  percqAJ//ri  'A  i«gr.t  i* 
restored,  but  as  the  natural  medium  //f  *vmrrf^*:itt»'.  i* 
dsstroyed,  an  artificial  one  will  be  reijuired^  *fr  i\m  iu/a^*- 
win  be  formed  beyond,  instead  fif  on  the  nftiruL     U^»f^.  ;* 
is  that  those  who  have  undergone  the  operat^/n  ff/r  *^jif3i/f, 
require  glasses.    A  convex  lens  has  the  yr*f\^:fty  'A  fmi'^yi 
ing  rays,  and  must,  therefore,  be  used,    Ajr^  yct^m^  *l^* 
require  the  same  kind  of  glass,  for  the  mtivd\iti*i  }f^//ttf^r 
flitter,  and  an  imperfect  image  is  itrntif-A  'm  i\**:  r»H'iiA. 

Short-sightedness  is  produced  }/y  th^  t//o  ti/*^  ^^ftiv^xt^y 
of  the  lens,  and  suitable  concave  lensen  Hrt  re^juir*:'!,  Ut  xht*r«f 
the  images  of  objects  on  the  retina,  which  rjatumi'/  in  t'^'  ^ 
cases  &11  short  of  it. 


▲PPEARAXCES   OF   OBJECJH   ArTtH    tLKrUACltOn    A^U 

REFLEXIOS. 

The  attention  of  modem  philosophers  has  lieen  much  di- 
lected  to  the  invention  and  improvement  of  ojitical  imttru- 
ments,  and  great  has  been  their  success.  Hut  lje£r;re  we  pF/' 
ceed  to  speak  of  the  various  instruments  dependent  tm  ojiti- 
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cal  principles,  and  to  describe  their  construction^  it  will  be 
cessary  to  refer  to  the  appearances  presented  by  objects  after 
refraction  and  reflexion.  We  have  already  explained  ih^ 
most  important  laws  of  reflexion  and  refraction,  but  we  ha?0 
not  as  yet  referred  to  the  appearances  under  which  bodki 
are  seen  after  their  images  have  been  transmitted  throi^^^ 
or  reflected  from  plane,  convex,  and  concave  surfaces.  Thii 
we  shall  now  attempt,  uid  shall  then  be  prepared  to  esd- 
mate  the  effect  of  optical  instruments. 

We  may  first  direct  attention  to  the  effects  of  reflexion 
from  mirrors.  Mirrors  are  metallic  substances  polished  on 
their  anterior  surface,  or  plates  of  glass  silvered  on  their 
posterior  surface,  and  capable  of  reflecting  the  light  from 
any  body  before  them,  and  of  presenting  an  enlarged  or 
minified  image.  They  may  be  divided  into  four  classes, 
plane,  concave,  convex,  and  cylindrical,  but  the  reflexion  of 
light  from  all  these  obey  the  same  law,  that  is,  the  angle  of 
incidence  is  always  equal  to  the  angle  of  reflexion. 


PLANE    MIRRORS. 


When  an  object  is  viewed  in  a  plane  mirror,  it  always  a^ 
pears  to  be  at  the  same  distance  behind  the  mirror  as  the  1 
object  is  before  it.  This  illusion  is  so  powerful  that  when  an 
animal  views  himself  for  the  first  time  in  a  looking  glass,  he 
will  almost  for  certain  imagine  the  image  to  be  another  animal 
of  his  own  species.  Birds  are  extremely  susceptible  of  this, 
and  a  cock  will  immediately  prepare  himself  for  combat,  and 
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if  the  glass  be  not  removed,  will  speedily  demolish  the  cause 
of  his  wrath.  The  fury  which  this  pugilistic  bird  always 
displays  is  uicoimnoiily  entertaining.  It  will  not  be  difficult 
to  explain  the  cause  of  this  illusion.  But  it  may  be  neces- 
sary to  premise  a  fact,  to  which  we  have  already  referred, 
that  an  object  is  always  seen  in  the  direction  of  the  ray 
when  it  strikes  the  eye,  whatever  may  be  the  position  of  the 
Inminous  body. 

Fig.  45. 


Let  AB,  fig.  45,  be  any  object,  and  AF,  BG,  rays  proceed- 
ing from  it,  which  would  move  on  beyond  the  points/  and 
^,  if  there  were  no  reflecting  surface,  but  the  mirror  C  D  in- 
tervenes and  reflects  them  into  the  direction  F  E,  G  E,  where 
the  eye  receives  the  impression  of  the  object.  But  E  F,  E  G, 
being  the  direction  of  the  rays  when  they  meet  the  eye,  the 
image  will  be  seen  in  that  direction,  and  the  points  I  H  will 
appear  as  far  behind  the  mirror  as  A  B  is  before  it. 

From  this  it  necessarily  follows,  that  objects  viewed  in  a 
idane  mirror  can  only  appear  half  their  true  size.  Let  A  B  C, 
fig.  46,  be  the  head  of  a  man  viewing  himself  in  a  glass  D  E. 

The  image  will,  as  we  have  just  now  stated,  appear  to  be  as 
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far  behind  the  mil 
as  the  man  is  be 
it.  The  mirror  n\ 
therefore,  bisect 
cone  formed  by 
converging  rays, 
hence  FG,  can  ( 
be  half  A  C.  The  length  of  an  image  cannot,  therei 
be  more  than  half  the  length  of  the  object,  and  the  sam 
true  of  the  breadth,  and  all  other  dimensions.  This  ma 
practically  proved  by  measming  the  image  and  the  objecl 
by  looking  in  a  glass  which  is  only  half  the  dimension 
the  face.  It  has  probably  been  noticed  by  the  reader, 
when  two  mirrors  are  arranged  parallel  to  each  other,  ^ 
their  faces  opposite,  the  object  being  placed  at  one  extrei 
the  eye  at  the  other,  that  the  object  will  appear  infin 
multiplied.  This  is  the  result  of  reiterated  reflexion  from 
surface  to  another,  and  the  images  gradually  become  i 
indistinct  as  their  distance  increases. 


CONCAVE  AND  OTHER  MIRRORS. 


Fig.  47. 


Concave  Mirrors  may  be  < 
sidered,  as  already  stated 
consist  of  an  indefinite  nun 
of  small  planes,  which  ma] 
determined  angle  with  c 
other,  so  as  to  throw  all 
rays  into  a  point.     Let  A I 
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rONCATE    XIRROAft. 


*  1 1 ,» 


^  4-^  }x  2.  fr^iw^-g*  mirror,  and  let  d  \9C  ihc  rrntn^  »if  mi 
jzv.  MM?  Vg  T  I  c  :«e  TvyF  of  lifrbi  falling?  fmm  a  InnIx    oii 
die  mirror.    T^^s*  rBv*.  will  In*  reflw-led  ami  int-ci  in  .1  |Kitiif 
/  caDedtbe  5xs*.  vbere  an  image  of  iiw  uhy-rt  if  fmnicil 
in  an  invwted  p:«iiii»n.     VThtn  tie  cunaiun-  i>  not  \ii\ 
gnat,  the  &siac«  of  ihe  focal  jK»int  fmin  ihr  s«rfa<v  nf  llir 

HDiror  is  half  ii*  radius. 

Cooesn  mirrors  are  frequently  uj^ed  Air  iht-  I'Dllcftinn  ni 
the  solar  lavs  into  a  point  for  the  ])r(Khirtioii  (if  iiiiciiM-  licat. 
A  mirror  constructed  by  M.  de  Villette  |Ni>M>M-tl  ili.>  pm- 
peitr  in  a  most  remarkable  de^^ree.  T\w  (liamrtcr  of  iIhn 
gpectmm  was  four  feet  eleven  inches,  and  Wikt*  coin\H)>vt\  oi' 
tin  and  copper  bigbly  polished.  When  oximimmI  to  llw  ia\  s 
of  the  sun,  a  tfilrer  sixpence  placed  in  its  focus,  was  nultcd 
m  seven  seconds  and  a  half;  a  cop])er  li:i]f]K'nny  incited  in 
sixteen  seconds,  and  liquified  in  thirty-four  seconds. 

If  any  one  looks  into  a  larjfc  concave  mirror,  ils  dislnncc 
fixnn  him  being  greater  than  its  focal  distance,  then*  will  iip 
pear  bet\i*een  himself  and  the  mirror,  a  minified  rcprcNcnia- 
tion  of  his  o'wn  form  suspended  in  the  air.  hut  iuxcilcd. 
This  deception  is  very  strong,  and  if  the  object  itwclf  were  in- 
verted, an  ignorant  obsen-er  would  withdinicully  be  brou^bt 
to  believe  that  the  image  was  not  tangible.     There  has  been 
considerable  suspicion  that  this  experiment  was  made  on  a 
large  scale  by  Pagan  priests,  in  the  caves  of  Tropiionius,  the 
temples  of  Delphi,  and  other  places  where  mysteries  were, 
common.     Esculapius  was  often  seen  by  his  worshipi)ers  at 
his  temple  at  Tarsus,  and  the  goddess  frequently  appearcfl 
in  the  tcinj)le  of  Enguinum.     It  is  alsjo  to  be  feared  tbat  the 
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ministers  of  a  purer  religion  have  in  past  times  used  the 
instrument  as  an  engine  of  superstition.     It  was  coi 
helieved  by  the  lower  classes,  that  Friar  Bacon  had 
in  the  air  from  one  church  steeple  to  another,  although 
more  educated  were  aware  that  the  appearance  was  pre 
by  a  reflected  image  of  his  person  upon  the  clouds  as 
walked  upon  the  ground.    This  statement  is  made  upon 
authority  of  Lord  Bacon.    The  same  trick  is  exhibited 
modem  conjurors,  and  that  very  effectually,  by  the  mc 
which  they  take  to  exclude  from  sight  both  the  mirror 
the  object. 

Convex  mirrors  give  to  objects  an  erect  but  diminif 
image,  which  appears  to  emanate  from  behind  the  mirror,  i»- 
fact  from  the  focus.    They  are  chiefly  used  as  ornaments  vik\ 
apartments. 

Cylindrical  mirrors  are  not  used  in  the  construction  of 
optical  instruments,  but  are  ground  by  opticians  for  the  pur- 
poses of  amusement.  When  any  one  views  himself  in  one  of 
these,  if  the  direction  of  the  axis  of  its  concavity  be  peipen- 
dicular  to  the  horizon,  his  visage  will  be  uncommonly  dis- 
torted ;  diminished  in  breadth,  but  in  length  continuing 
usual.    The  drollery  of  tha  figure  will  strongly  remind  tber 
observer  of  Homer's  description  of  Thersites.    Upon  turn- 
ing the  mirror  a  quadrant,  the  opposite  extreme  takes  place ; 
the  image  much  resembling  a  piece  of  paper  with  two  lines 
drawn  on  it,  one  in  black  ink,  the  other  in  red.    The  eyes 
are  elongated  so  as  to  resem];>le  the  black  line,  and  the  lips 
the  red ;  added  to  this  the  extraordinary  breadth  of  counte- 
nance, and  the  ungovernable  obstinacy  of  the  image  is  veiy 


•n 


tiir  mcmth  miy  hf  oponciS,  the 
hif  Bhuu  and  onh  a  whitr  HtntWi* 
ponQel  to  thr  rpd  one,  whirh  ii> 
If  thr  mirmr  he  hrli!  cU'mr  U\  \\\v 
•^  St  KxiF  beinf;  vertical,  and  ihr  fiuffri  In' 
now,  the  imagr  >K-il]  of  ctuinio  dtt  ilir 
mirrm-  is  rrmoTed  U)  a  ^n'lilrr  dimanir 
finger  w  tk^n  placed  im  llir  tiftiii 
image  wiU  place  Iiin  on  the  lell.  "  I 
r,'*  Bays  an  author,  aflcr  niakn)f<  ihio 
rent  to  my  inclination  hy  a  loud  lii 
ly  being  !  for  now  the  iniiiKe  o|K'neil  litu 
n>  iodi  an  astonishing  extent,  and  hiN  lon^f  connir 
dreadfiillv  conAmliHMl  with  Homo  unconniioti 
I  viDxngly  let  the  mirmr  fall  to  the  ^[rouiiil, 
I  would  never  look  into  another." 
Anamoiphoses  are  fretjuently  uncd  wilh  tlicnc  nurtiM> 
They  are  pictures  draxi'n  in  so  diHtortcd  u  Nhupi'  llial  ili<'\ 
enmot  be  saud  to  possess  any  determinate  form,  hiil  iliey  iii«' 
rectified  when  presented  to  the  mirror,  and  refli'ct  im  iiinif^'' 
of  some  natural  object. 

Mirrors  of  variable  cun^ature  are  alHO  uHcd  for  ainiiNeineiii. 
and  although  they  never  produce  a  decided  raricatiin',  lliey 
Tariably  distort  the  object  according  to  ilH  diHtuneeH  and 
positions. 


LENSES. 


We  must  now  pass  on  to  briefly  notice  the  apJH•aranee^ 
presented  by  bodies  after  refraction,     it  luw  been  already 
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Stated  that  light  is  converged  or  diverged  by  refraction  ae^ 
cording  to  the  form  of  the  surface  through  which  it  has  ^ 
pass.  When  a  transparent  substance  is  formed  into  a  shape 
adapted  to  collect  the  rays  of  light,  it  is  called  a  lens.  Theif 
may  be  said  to  be  four  classes  of  lenses ;  the  convex,  tlni. 
concave,  the  meniscus,  so  called  from  its  resemblance  to  tlMk 
homed  appearances  of  the  moon,  when  a  few  days  old,  and 
the  crossed  lens,  which  has  unequally  curved  convex  sur- 
faces. 

When  hght  passes  through  a  convex  lens,  whether  both 
or  only  one  surface  be  convex,  the  rays  are  converged  into 
a  point,  called  the  focus.  An  object  viewed  through  a 
convex  lens  appears  larger,  and  brighter  than  without  the 


Fig.  48. 


intervention  of  that  me- 
dium. Let  AC  and 
B  D,  fig.  48,  be  two 
rays  incident  upon  the 
lens,  and  by  it  refrac- 
ted to  the  eye.  The  ap- 
parent path  of  these  is 
referred  by  the  eye  to  a 
and  b  upon  the  princi- 
ple that  the  position  of 
an  object  is  always  seen 
in  that  direction  in  which  the  ray  meets  the  eye  :  hence  the 
object  is  magnified. 

But  the  object  is  also  brighter,  for  let  us  imagine  two 
diverging  rays  to  emanate  from  F,  if  the  lens  did  not  inter- 
vene, they  would  pass  to  g  and  h,  never  reaching  the  eye ; 
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!n8  converges  them  and  brings  them  to  the  points 
dthin  the  range  of  vision. 

c  lenses  have  been  employed  as  burning  glasses,  the 
as  made  by  Mr.  Parker,  and  was  three  feet  in  dia- 
[t  had  a  power  sufficient  to  fuse  twenty  grains  of 
I  in  four  seconds  and  ten  grains  of  platina  in  three 

^e  lenses  cause  the  rays  of  light  to  diverge,  and  all 
iewed  through  them  appear  nearer,  smaller,  and 
it  than  they  were  before  their  interposition.  Ob- 
multipUed  when  viewed  through  a  medium,  which 
al  surfaces. 


OPTICAL  INSTRUMENTS. 

8,  and  that  with  wluch 

luty-three  times.    We 

MAGIC    LANTERN  ,     ,         •        i     ^ 

opes,  and  the  simplest 

?.  49.  TheMagi'^^  ""^^^  *^®  Galilean. 

^1.         placed  at  a  distance  from 
m  the  sev 

is  among  ^i*"  f°"-    ^*  *''  "^J*^ 

in8trumei'''d  *«  «y«  ^«°«  *  ^"^ 

lantern   '«tween  these  two  glasses 

a  lamp  («>  according  to  the  dis- 

E  metallic  "^  *«  individual.    This 

iJljD      double  nervations  on  land,  for  it 

=i]  [f^    of  the  fly  »««d  at   sea,  at  night, 

¥  D    mo'   '*   becomes  necessary  to 

po'steric  ^y  >t«  P*««"*8  through  a 
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is  fixed  a  large  plano-^^onvex  lens,  and  at  the  other  end  a  8ma& 
double  convex  lens.  £  F  is  a  groove  made  in  the  larger  tube 
in  which  the  sliders  having  the  objects  painted  on  them,  aie 
placed.  The  light  of  the  lamp  is  thrown  on  and  reflected 
from  the  mirror  M  to  the  lens  L,  by  which  it  is  concentred 
falling  upon  the  shder.  This  shder  or  in  other  words  die 
painted  object,  being  arranged  to  the  conjugate  focus  of  the 
lens  h,  a  magnified  image  will  be  formed  on  the  screen. 

The  magic  lantern  has  been  rendered  much  more  effectual 
by  the  use  of  figures  painted  on  opaque  grounds. 


THE  CAMERA  OBSCURA,    OR  DARK  CHAMBER. 


Fig.  50. 


in  that  direction  in  which 
object  is  magnified. 

But  the  object  is  also  b 
diverging  rays  to  emanate  fi 
vene,  they  would  pass  to  g  i 


This  is  an  instrument  in- 
vented by  Baptista  Porta.  A  B, 
fig.  50,  is  a  meniscus  with  its 
concave  surface  uppermost;  DC 
is  a  plane  metallic  reflector  in- 
clined to  the  horizon  at  an  anglt 
of  45°.  The  landscape  is  thui 
reflected  downwards  through  th^ 
lens,  and  is  painted  on  the  pape 
at  E  F.  In  one  side  an  open 
ing  is  made  and  through  this  tb 
artist  introduces  his  head,  an 
through  another  his  hand. 


KXF&ACnNe  TXLBSOOPmS. 
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fi 


A  telescope  is  an  instrument  employed  to  view  distant  ob- 
jects, and  it  assists  us  in  examining  them  by  increasing  the 
^parent  angle  under  which  they  are  seen  with  the  naked 
«je.  It  was  invented  about  the  year  1590^  by  whom  is  un- 
certain, some  say  John  Baptista  Porta,  some  Galileo,  and 
others  Jansen  of  Middleburgh.  Some  persons  attribute  the 
discovery  to  the  children  of  lippersheim,  a  spectacle  maker 
at  Middleburgh,  and  Borellus  in  his  De  Vero  Telescopii 
Inventore  attributes  the  discovery  to  Joannides. 

Telescopes  are  of  two  kinds,  refracting  and  reflecting,  and 
of  each  there  are  several  varieties.  The  first  telescope  that 
Galileo  made  magnified  only  three  times,  and  that  with  which 
he  discovered  the  satellites  of  Jupiter  thirty-three  times.  We 
shall  first  speak  of  refracting  telescopes,  and  the  simplest 
construction  of  this  instrument,  is  that  called  the  Galilean. 
It  has  only  two  lenses,  and  these  are  placed  at  a  distance  from 
each  other,  equal  to  the  sum  of  their  foci.  Let  the  object 
lens  have  a  focus  of  eight  inches,  and  the  eye  lens  a  focus 
of  two  inches ;  then  the  distance  between  these  two  glasses 
must  be  ten  inches,  more  or  less,  according  to  the  dis- 
tance of  the  object,  or  the  vision  of  the  individual.  This 
instrument  is  nofsuited  for  observations  on  land,  for  it 
inverts  objects.  It  is  occasionally  used  at  sea,  at  night, 
when  from  the  small  intensity  it  becomes  necessary  to 
prevent  the  absorption  of  light  by  its  passing  through  a 

T  2 
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number  of  lenses :  it  is  hence  called  a  night  telescope.  The  \ 
astronomical  refracting  telescope  is  made  upon  the  sane 
principle,  for  the  inversion  of  the  object  is  here  of  no  im- 
portance. ITiere  is,  however,  a  great  hindrance  to  the  ex- 
tensive use  of  this  instrument,  for  when  high  powers  areem^ 
ployed  the  image  becomes  indistinct,  and  if  the  dimension  ef 
the  object  glass  be  increased,  the  telescope  itself  is  increased 
in  length,  and  becomes  unwieldy.  M.  Huygens,  however, 
made  one  of  immense  size,  the  focus  of  the  object  glass  being 
one  hundred  and  twenty-three  feet,  and  even  with  this  length 
he  could  only  have  a  six  inch  aperture. 

The  common  day  telescope  differs  from  the  night,  in  hav- 
ing two  extra  lenses  of  the  same  form  and  size  as  the  eye 
glass,  and  these  Bxe  fixed  at  a  distance  from  each  other  equal 
to  the  sum  of  their  foci.  Thus  let  us  take  the  same  lengths 
as  we  did  in  the  former  case,  let  the  focus  of  the  object  glass 
be  eight  inches,  of  the  eye  glass  two ;  then  the  two  extra 
lenses  will  have  foci  of  two  inches  each :  they  must,  therefore, 
be  fixed  four  inches  apart ;  the  object  glass  will  be  ten  inches 
from  the  one,  the  eye  glass  four  inches  from  the  other.  The 
purpose  of  these  two  lenses  is  the  erection  of  the  image. 

The  great  length  of  refracting  telescopes  when  apphed  to 
astronomical  purposes  renders  them  very  inconvenient,  and 
the  attention  of  philosophers  was  consequently  drawn  to 
the  enquiry,  whether  a  reflecting  telescope  could  not  be  in- 
vented. 
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REFLECTING  TELESCOPES. 


ere  are  three  kinds  of  reflecting  telescopes,  distin- 

ed  by  the  names  of  their  inventors.    The  Gregorian 

ope  was  invented  by  Mr.  James  Gregory,  when  a 

nt  at  Glasgow.     From  the  slighting  manner  in  which 

writers  speak  of  Gregory*s  claim  to  the  honour  of  his 

irery,  it  would  seem  that  even  at  the  present  day  there 

ime  persons  who  cannot  help  feeling  jealous  at  his  great 

lophical  talent.    But  although  this  instrument  was  in- 

^  six  vears  before  the  Newtonian,  it  was  not  constructed 
many  advantages  over  oiun   .w^ .   •  -  •«  i. 

enting  the  loss  of  light  by  frequent  reflexion  and  refrac- 

The  largest  instrument  of  this  kind  in  the  country  is 

le  Royal  Obsen'atory. 


MICROSCOPES. 


;i^pcL^s3Masa^s?jr'ggiMS3Q^ 


construction  of  the  Gregorian  telescope  is  very  simple, 
g.  51,  is  a  concave  mirror  formed  by  the  revolution  of 
jrbolic  curve,  and  in  the  centre  is  a  small  aperture: 
concave  elliptical  mirror,  placed  m  the  axis  of  the 
at  a  distance  from  it,  of  little  more  than  their  focal 
ces,  and  adjusted  by  the  screw  s.    D  and  E  are  the 
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eye  lenses.  Let  the  rays  r  r  emanating  from  any  object  M 
upon  the  spectrum  A  B,  from  it  they  are  reflected  converging 
and  crossing  each  other  at  F  form  an  inverted  image  upon 
the  small  mirror  C.  From  this  they  are  reflected  converging, 
and  pass  through  the  lenses  by  which  the  image  is  conveyed 
to  the  eye. 

The  Newtonian  telescope  is  seldom  made  less  than  ^ 
feet  in  length.  It  consists  of  a  parabolic  speculum,  from 
which  the  rays  are  reflected  as  in  the  Gregorian  telescope* 
and  are  in  the  same  manner  intercepted  by  a  smaller  mirror, 
but  in  this  case  it  has  a  plane  surface,  and  is  fixed  so  as  to 
form  an  angle  of  45^  with  the  axis  of  the  tube,  throwing  dut 

ravs  tow^^'^'^  *^ ^"^  ^^  ''^^^  same  form  and  size  as  the  eye 

glass,  and  these  siejixed  at  a  distance  from  each  other  equal 
to  the  sum  of  their  foci.    Thus  let  us  take  the  same  lengths 
as  we  did  in  the  former  case,  let  the  focus  of  the  object  glass 
be  eight  inches,  of  the  eye  glass  two ;  then  the  two  extra 
lenses  will  have  foci  of  two  inches  each :  they  must,  therefore, 
be  fixed  four  inches  apart ;  the  object  glass  will  be  ten  inches    : 
frnm  tlip  nne_  thfi  evG  fflass  four  inches  from^J^^itl^jj^JBi'^ 
A  section  of  the  Newtonian  telescope  is  shewn  in  fig.  52. 
A  is  a  concave  paraboHc  mirror ;  C  is  a  plane  mirror  fixed  to 
the  arm  D,  which  is  connected  with  the  eye  piece  y.     TioB 
is  usually  made  to  slide  upon  the  tube,  but  would  be  mm 
readily  adjusted  if  made  to  move  by  a  screw  in  the  slune 
manner  as  the  Gregorian  telescope.      The  eye  glass  is  a 
plano-convex  lens  with  its  flat  side  outermost,  and  is  calkd 
the  astronomical  eye-piece.    On  account  of  the  colour  pro- 
duced by  these  lenses  the  negative  achromatic  eye  lens  is 
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goieraUy  added.    Dr.  Brewster  has  recommended  the  use  of 
two  glass  prisms  instead  of  the  eye  glass. 

This  telescope  has  been  much  improved  since  its  inven- 
tbn,  but  the  most  important  alteration  was  made  by  Sir 
Isaac  himself.  The  first  one  was  made  with  a  large  spheri- 
cal concave  mirror,  but  he  afterwards  discovered  that  the 
spherical  aberration  might  be  destroyed  by  giving  it  a  para- 
bolic form. 

Herschel's  telescope,  sometimes  called  the  front  view  re- 
flector^ is  only  used  when  a  very  large  field  is  required. 
It  has  no  small  mirror,  and  the  image  is  viewed  in  the  focus 
of  the  great  mirror  with  an  eye  glass.  This  arrangement 
has  many  advantages  over  other  reflectors,  especially  in 
preventing  the  loss  of  light  by  frequent  reflexion  and  refrac- 
tion. The  largest  instrument  of  this  kind  in  the  country  is 
at  the  Royal  Observatory. 


MICROSCOPES. 

Notwithstanding  the  great  varieties  of  form  in  which  we 
are  accustomed  to  see  the  microscope,  they  may  all  be  di- 
vided into  three  classes.  The  single,  the  compound  refract- 
ing, and  the  compound  reflecting. 

It  must  have  been  observed  by  every  one,  that  the  more 
distant  an  object  is  from  us,  the  less  it  appears,  and  hence 
the  purpose  of  the  microscope  is  to  produce  this  effect.  If 
we  have  to  examine  a  very  small  object,  we  bring  it  near  the 
eye,  but  at  less  than  a  certain  distance,  it  becomes  indistinct 
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and  confused^  which  is  caused  by  the  divergence  of  the  nqftl 
light  from  the  object^  and  the  incapacity  of  the  crystdlllt 
lens  to  collect  the  rays  ;  but  if  we  use  a  convex  lens,  pladng 
it  between  the  object  and  the  eye,  the  divergence  is  corrected, 
and  the  rays  are  collected  by  the  crystalline  lens. 

These  are  fitted  up  in  various  ways,  and  are  called  Mt 
neralogical.  Botanical,  or  Anatomical  Microscopes,  accord- 
ing to  the  purpose  to  which  they  are  to  be  applied. 

Small  spheres  have  often  been  used  for  single  niieros- 
copes.  A  globule  of  glass  melted  in  the  flame  of  a  spixit 
lamp,  is  admirably  adapted  for  the  purpose.  Mr.  Stephen 
Gray  made  globules  for  microscopes  by  inserting  drop9  of 
water  in  small  apertures.  Dr.  Brewster  has  used  the  crystri- 
line  lens  of  small  fish,  such  as  the  minnow,  taking  care  that 
the  axis  of  the  lens  is  the  axis  of  vision,  in  other  words  that 
you  look  through  it  in  the  same  direction  as  the  fish  had  done 
before  you.  The  garnet,  the  ruby,  and  the  diamond  have 
also  been  employed  for  the  same  purpose  with  very  great 
success. 

Compound  Microscopes  are  those  which  consist  of  two 
or  more  lenses,  one  of  which  forms  an  enlarged  image  of 
objects,  while  the  others  magnify  it.  The  compoimd  re- 
fracting microscopes,  though  susceptible  of  considerable 
accuracy,  are  much  less  commonly  used  than  either  of  the 
other  class. 

The  simplest  of  all  reflecting  microscopes  is  a  concave 
mirror,  in  which  the  face  of  an  observer  is  always  magnified, 
and  when  we  view  the  figure  with  a  lens  instead  of  the 
eye,  we  have  a  compound  reflecting  microscope.     And  this 
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k  but  the  inatminent  propoccc  \j  sir  l«ac  X?r*«:ii.   irji 
ifierwards  improved  bjr  ProfieaiiK«'  Ashvl  \i  H'Xtna. 
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The  science  of  which  ve  ha^e  l««s  «<c«ucruc.  j*  .ot  .r: 
the  most  interetting  bniicae«  ^A  skokt.  n-T^tc^psjic.  l.-^: 
to  detail  in  a  condensed  fors  tLe  fact*  -riiii'^  'iscrt  -jvr.  ::.•*- 
covered,  wouU  teqoire  a  larzer  r'-jozre  ':^d=.  *i:ai  v*  irt  :i-.«v 
pmenting  to  the  poblic.  A  ifw  ykz»A  c^j  crAii  ':«  oe- 
foted  to  it»  and  the  anthor^*  cs>f  dzScnhr  wkk  Vjt 
those  fiicts  and  principka,  which  are  sM^t  lajyji*.an2  to  L 
who  is  conunencing  his  phUow^Jx^cal  iw^vcrxA.  Manr 
jects  have  heen  entirely  omitted;  <ach  as  inflexkn,  the  cdoan 
of  thick  and  thin  plates,  and  Hlh  aW/r^iiw?  bet  ££c^: 
branch  of  the  science,  the  Po^arizarlon  of  li^bt. 

None  of  our  readers,  however,  will  iiragine  that  we  pre- 
tend to  give  a  full,  much  le^s  a  minute  account  of  the 
physical  sciences ;  the  elementarv  facts  alone  come  under 
our  consideration,  «ince  we  write  for  those  who  are  begin- 
ning to  learn,  and  not  for  those  who  have  made  some  pro- 
gress. 


CHAPTER  VI. 


MAGNETISM. 


It  hHa  long  been  known  that  an  ore  of  iron,  chiefly  e 
ing  of  an  oxide  of  that  metal  with  a  small  proportion  of 
quartz  and  alumina,  has  the  remarkable  property  of  a  diicc- 
tive  force.  This  ore  is  called  the  native  magnet  or  load- 
stone.    When  freely  Buejiended  on  its  centre  of  gravity  bo 
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18  to  have  a  capabiMty  of  turning  in  any  direction,  one  end 
will  always,  wben  it  comes  to  rest,  point  to  the  north  pole 
of  the  earth,  the  other  to  the  south. 

fint  the  loadstone  not  only  possesses  in  itself  this  singular 

directive  force,  but  can  also  communicate  the  same  propert)' 

to  other  fermgmous  substances.    The  manner  in  which  this 

18  done  we  ahall  explain  in  an  after  part  of  this  chapter,  it 

is  only  necessary  on  the  present  occasion  to  refer  to  the  fact 

beeamewe  are  able,  by  the  use  of  artificial  magnets,  to  ac- 

eooBiiMidate  oonwlTes  with  magnets  formed  in  shapes  more 

contenient  £nr  experiment,  than  those  which  are  found  in 

their  iMtaral  state. 

But  nagnets  are  possessed  of  another  singular  property, 
which  must  be  mentioned  in  this  place  for  the  better  under- 
standing  of  their  directive  property.  The  pole  of  a  magnet 
win  always  repel  that  pole  of  another  magnet,  which  has  the 
same  name.     Thus,  if  we  suspend  two  magnets,  fig.  53,  in 

such  a  manner  that  they 
— ?  may  have  perfect  freedom 
of  motion,  and  bring  their 
north  or  south  poles  toge- 
ther, they  will  repel  each 
other ;  but  if  a  north  pole 
be  presented  to  a  south  pole,  then  an  attractive  force  will  be 
exhibited.  When  we  speak  of  the  poles  of  a  magnet,  we 
mean  those  points  where  the  directive  power  is  concentrated, 
which  in  bar  magnets  is  usually  at  the  ends,  that  end  which 
points  to  the  north,  being  called  the  north  pole,  that  to  the 
south  the  south  pole.     But  although  the  magnetic  power  is 


N 


Fig.  53. 
S         N 
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strongest  at  these  points,  it  is  not  confined  to  them.  The  \ 
whole  of  a  magnet  possesses  the  magnetic  power,  but  the  foitt 
decreases  towards  the  centre,  and  is  there  at  its  minimum. 
This  may  be  proved  by  bringing  one  bar  magnet  successively 
to  every  part  of  another,  and  it  will  then  be  found  that  at  the 
center  the  power  is  almost  lost.  It  may  also  be  approximately 
sho\vn  by  surrounding  a  bar  magnet  with  iron  filings,  for 
the  magnet  attracts  them  variably,  the  largest  quantity  sur- 
rounding the  poles,  the  least  at  the  centre.  But  still  it  is 
a  singular  fact,  and  not  we  think  satisfactorily  accounted  for, 
that  if  a  magnet  be  broken  at  the  centre,  one  half  will  not  be 
found  to  possess  a  north  direction,  and  the  other  half  a 
south,  but  each  will  be  a  perfect  magnet,  having  a  north 
and  south  pole. 

MAGNETISM    OF   METALS. 

It  was  long  supposed  that  iron  was  the  only  substance  ca- 
pable of  possessing  the  magnetic  power,  but  philosophers 
are  now  aware  that  nickel  receives  and  retains  magnetism 
though  in  a  very  inferior  degree  to  steel. 

Dr.  Faraday  recently  performed  a  series  of  experiments  *  to 
determine  whether  any  other  metals  besides  iron  and  nickel 
could  be  made  to  exhibit  magnetic  properties.  When  he 
commenced  his  inquiries  he  had  but  little  doubt  that  all 
metals  were  magnetic,  though  not  at  common  temperatures; 
he  imagined  that  every  metal  was  magnetic  beneath  a  certain 

'  Philosophical  Mag.  Third  Series,  vol.  viii.  p.  177. 
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rature,  and  lost  the  >  pioyeiti  wfieti  naaed  alMre  x 
larlow  had  proved  that  iron  loneai  iu  Tiagrifrdr  pcnper^ 
t  an  orange  heat,  so  entireiTy  diac  is  ^ioen  one  ev^en  iii<^ 
t  the  attractive  influence  between  a  magifcrr  ami  a  iior 
1.  From  a  conaideration  of  that  het.  Dr.  Famti7  -m 
imagine  that  there  might  be  a  tempencisre  hdnw  our 
ch  substances  are  eoamiMiif  cxp«Me«i  on  tiie  ^arJbK^ 
earth,  at  which  those  metals  snppowt/i  %  •le  desctoc^ 
^etism  might  e:diibit  its  or&iarr  pberuMKaa. 
^es  of  metal  in  their  pare  state  were  ^op^rirteH  4n  verr 
atinum  wires,  and  being  crjolevi  dowii  v>  a  tenifcncare 
d  60°  to  70°  Fahrenheit  befayw  zero,  were  hvooght  elose 
end  of  the  needles  of  a  dehcate  astadc  arrangement, 
e  magnetic  state  was  judged  c4  hj  the  absence  flc  pre- 
of  an  attractive  force.  The  foik/wing  metak  were  ex- 
1:— 


Arsenic 

Antimonv 

I..e^i 

Bismuth 

Mercur*' 

Cadmium 

Palladium 

Cobalt 

Platinum 

Chromium 

Silver 

Copper 

Tin 

Gold 

Zinc 

lunbago ;  but  none  of  these  evinced  the  slightest  degree 
pietism.  \Mienever  cobalt  or  chromium,  which  are  sup- 
to  be  magnetic  metals,  gave  indications  of  magnetic 

»  Phil.  Tians.  1822,  p.  117. 
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properties,  iron  or  nickel  was  always  detected.    *'  The  ^ 
which  we  can  make  downwards  in  temperature,  is.  howevec^f  t 
says  Dr.  Faraday,  "  so  small  as  compared  to  the  changea  Hiii^ 
can  produce  in  the  opposite  direction,  that  negative  results  of  L 
the  kind  here  stated,  could  scarcely  be  allowed  to  have  muck  U 
weight  in  deciding  the  question  under  examination,  althou|^ 
unfortunately,  they  cut  off  all  but  two  metals  from  actual 
comparison."     StDl  the  Doctor  seems  to  be  of  opinicm  that 
all  metals  may  be  reduced  to  a  temperature  beneath  which 

* 

they  are  magnetic.     The  de-magnetizing  temperature  for 
nickel  was  found  to  be  about  630°  or  640°. 

The  same  philosopher  made  some  experiments  to  ascer- 
tain the  relation  between  the  temperature  which  destroys 
the  polarity  of  a  magnet,  and  that  which  takes  from  soft  iron 
or  steel,  the  property  by  which  it  acts  on  the  magnet  itself. 
At  about  the  temperature  of  boiling  almond  oil,  magnets 
suddenly  lost  their  polarity,  and  then  acted  on  a  magnet  as 
soft  iron ;  and  when  raised  to  a  full  orange  heat,  they  lost 
their  power  as  soft  iron.  The  natural  magnet  or  loadstone 
was  found  to  retain  its  polarity,  at  a  higher  temperature  than 
the  artificial  steel  magnet,  for  the  polarity  was  not  lost  till  it 
was  brought  to  the  temperature  of  a  dull  ignition. 


DIRECTIVE    FORCE. 


Having  premised  these  facts,  we  shall  now  be  prepared  to 
inquire  more  particularly  into  the  phenomena  and  nature  of 
the  directive  force.     It  has  been  stated  that  if  a  needle  be 
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igpended  on  its  centre^  so  that  it  may  turn  freely,  it  will 
lOve  from  one  position  to  another,  until  it  arranges  itself 
ith  one  pole  to  the  north,  the  other  to  the  south.  This 
henomenon  is  common  to  all  parts  of  the  world,  and  being 
D,  it  must  be  supposed  to  arise  from  some  attractive  inilu- 
aces  existing  between  the  earth  and  the  magnet ;  we  do  not 
top  to  determine  the  nature  of  that  influence,  but  it  is  called 
nrestrial  magnetism. 

When  the  directive  force  of  the  magnet  was  first  disco- 
ered,  it  was  imagined  that  the  poles  pointed  directly  to  the 
orth  and  south  poles  of  the  earth,  but  this  supposition  is 
lot  strictly  correct.  Throughout  Eivope  the  north  pole  of 
he  magnet  deviates  more  or  less,  to  the  westward  of  the 
arth's  north  pole.  This  deviation  is  called  the  magnetic 
ledination,  or  in  other  words,  the  deviation  of  the  compass, 
rhere  are,  however,  some  places  on  the  earth's  surface  where 
he  magnet  points  directly  north  and  south ;  and  the  line 
m  which  they  are  situated,  encircling  the  earth,  is  called  the 
ine  of  no  variation. 

The  line  of  no  variation  is  supposed  to  commence  at  a 
joint  a  little  to  the  westward  of  Baffin's  Bay.  From  this 
slace  it  passes  to  the  United  States,  crosses  the  Atlantic 
I  little  to  the  eastward  of  the  windward  West  India  isles, 
touches  the  north-eastern  point  of  the  continent  of  South 
^erica;  and  passes  over  the  South  Atlantic  towards  the 
south  pole,  but  navigators  have  as  yet  been  unable  to  trace 
it  into  this  frigid  clime.  To  the  south  of  Van  Dieman's 
land  it  appears  again,  crosses  the  Australian  continent,  and 
is  found  to  pass  into  the  Indian  Archipelago,  where  it  is 
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supposed  to  divide  itself  into  two  branches.  One  of  thesii'  I 
crosses  the  Indian  Sea  to  Cape  Ck)inorin,  traverses  Hindo8- 
tan  and  Persia  to  the  western  part  of  Siberia,  and  frm 
thence  to  Lapland  and  over  the  North  Sea.  The  other  1 
branch  passes  over  China  and  Chinese  Tartary  to  the  Eastern' 
division  of  Siberia,  where  it  is  lost  in  the  eternal  snows.'] 
It  is  probable  that  there  is  some  middle  line  between  these 
two,  but  at  present  we  are  ignorant  of  its  position.  Should 
this  supposition  be  found  correct,  we  shall  have  a  line  divid- 
ing the  earth  into  two  hemispheres,  one  upon  which  the  mag- 
net points  directly  north  and  south, — that  is,  on  which  the 
needle  has  no  variation.  But  with  even  the  present  amount 
of  knowledge,  we  may  consider  these  two  branches  as 
forming  a  line  of  great  breadth,  and  then  we  have  the  globe 
divided  into  two  hemispheres.  In  that  which  comprehends 
Europe,  Africa,  and  the  western  parts  of  Asia,  and  a  greater 
portion  of  the  Atlantic,  the  variation  is  westward.  In  the 
other,  which  includes  nearly  the  whole  of  the  American  con- 
tinent, the  Pacific  Ocean,  and  a  portion  of  Eastern  Asia, 
the  variation  is  to  the  east. 

The  term  geographical  or  true  meridian  is  pretty  well  un- 
derstood to  mean  the  vertical  plane  which  passes  through 
the  poles  of  the  earth.  By  the  magnetic  meridian  of  any 
place,  in  contradistinction,  we  mean  the  vertical  plane  which 
passes  through  the  direction  of  the  horizontal  needle  at  that 
place. 

The  value  of  a  knowledge  of  the  directive  force  of  the  mag- 
netic needle  has  been  appreciated  from  the  earliest  ages  of 
the  world.     By  its  assistance  the  intrepid  voyager  for  the 
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CHANGE    IN    THE    VARIATION. 

The  variation  of  the  needle  was  not  known  for  many  yean 
after  the  compass  had  come  into  use  for  the  purposes  of  navU 
gation ;  and  it  was  not  until  the  year  1622^  that  the  variatioii 
was  suspected  of  change.  It  was  then  discovered  that  ia 
Europe  it  Was  moving  from  the  east  towards  the  west.  In 
the  year  1659,  London  was  situated  on  the  lineofnova- 
riation,  and  from  that  time  till  within  the  last  few  years  tlie 
needle  has  heen  gradually  changing  its  direction,  the  noiA 
pole  pointing  more  and  more  towards  the  west  of  the  teriM- 
trial  north  pole.  In  London  its  greatest  deviation  was  24^ 
30'  W.  of  the  true  meridian,  which  it  attained  in  the  year  1818; 
It  is  now  on  its  return  to  the  true  meridian.  From  these 
remarks  it  must  he  evident  that  the  line  of  no  variation  it 
constantly  changing.  In  1664,  the  line  of  no  variatioii 
passed  over  Paris. 

The  cause  of  this  remarkahle  phenomenon  is  still  wrq)i 
in  mystery,  though  the  recent  researches  in  electricity  seen 
to  direct  the  attention  to  a  still  closer  investigation  of  tha 
agent. 

But  the  magnetic  needle  is  subject  to  a  diurnal,  as  well  ai 
an  annual  change  in  its  variation,  which  in  some  seasons  o 
the  year  may  amount  to  thirteen  or  fourteen  minutes.  Thii 
curious  phenomenon  was  first  described  by  Mr.  Graham 
who  observed,  that  from  about  seven  o'clock  in  the  momiii( 
the  north  pole  approached  the  west,  and  attsdned  its  mazi 
mum  variation  about  two  o'clock  in  the  afternoon,  aftei 
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which  it  returned,  as  he  ■uppused,  to  it*  orurxxial  positxoa. 
there  to  remain  until  the  fidlowing  morning. 

Considering  the  difficukj  of  accarateh-  determining  xiie»e 
small  changes  in  the  Tariation,  it  ia  not  fingnlar  that  the 
first  observationB  should  have  been  somewhat  incorrect,  a« 
we  now  know  them  to  have  been ;  for  caiefol  examination 
has  proved  that,  after  the  needle  has  attained  its  maximum 
TSiiation  about  two  o'clock  in  the  afternoon,  it  gradually  re- 
turns towards  the  east  till  the  erening,  and  then  has  a  se- 
cond westerly  direction,  afterwards  returning  again  so  as  to 
be  nearly  in  the  same  position  on  the  fiidlowing  morning. 
Tliis  daily  variation  is  greater  during  the  summer  than  the 
winter  months,  and  greatest  during  June  and  August. 

Hie  cause  of  the  diurnal  change  in  the  vanation  may,  we 
think,  be  more  easily  determined  than  the  annual  We  may 
for  instance  fairly  imagine  the  average  direction  of  the 
needle  to  be  the  result  of  a  cause  influencing,  in  degree, 
the  entire  surface  of  the  earth.  But  there  are  other  causes 
in  action  which  are  of  a  more  transient  nature,  irregular 
and  fluctuating. 

It  is  generally  believed,  though  some  who  have  had  an 
opportunity  of  observing  doubt  the  truth  of  the  supposition, 
that  the  needle  is  affected  by  the  Aurora  Borealis,  its  devia- 
tion in  some  instances  amounting  to  six  or  seven  degrees. 
Volcanic  eruptions  also,  as  we  know  in  the  case  of  the  erup- 
tions of  Hecla  and  Vesuvius,  produce  a  considerable  tran- 
sient deviation.  The  electrical  condition  of  the  atmosphere, 
violent  winds,  the  fall  of  snow,  and  other  atmospheric  changes, 
produce  the  same  effect.    These  facts  suggested  to  Mr.  Bar- 

V  2 
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low  the  propriety  of  neutralizing  the  constant  cause,  iS 
which  we  call  terrestrial  magnetism ;  for  it  is  evident,  tha^ 
we  can  place  the  magnet  in  such  a  position  that  it  shall  a 
feel  the  influence  of  the  force  which  is  constantly  acting,  tlm< 
the  action  of  the  smaller  forces  which  are  variable,  will  1 
more  apparent.  Mr.  Barlow  effected  this  by  arranging  « 
or  more  magnets  in  such  a  position  to  the  needle,  on  wWi 
the  experiment  was  to  be  made,  that  the  magnetic  influent 
of  the  earth  was  destroyed.  By  this  means  he  was  able  • 
magnify  the  daily  variation  almost  without  limit. 

The  variation  compass,  or  the  instrument  used  to  exhiU 
the  diurnal  change  in  the  variation,  is  not  different  in  prin 
ciple  from  others.  It  consists  of  a  horizontal  magneti 
needle,  which  is  of  greater  length  than  those  used  for  othe 
compasses ;  and  as  it  is  not  required  that  it  should  mem 
round  the  whole  circumference  of  the  box,  it  is  enclosed  i 
an  oblong  case,  admitting  a  motion  of  about  20  or  25  d< 
grees.  A  vernier  scale  and  magnifier  is  generally  attache 
to  the  instrument,  which  gives  a  facility  of  estimating  tli 
changes  with  greater  precision. 


DIP    OF    THE    NEEDLE. 


We  have  hitherto  only  spoken  of  the  influence  of  tei 
restrial  magnetism  in  the  production  of  horizontal  motioii 
in  the  magnetic  needle.  Let  us  now  suspend  the  needle  i 
such  a  manner,  that  it  may  be  free  to  move  in  a  vertia 
plane.    If  a  needle  be  delicately  supported  upon  its  centi 
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traverses  the  equator.  There  are  then  three  points  ^ere 
the  magnetic  and  terrestrial  equators  cross  each  other,  and 
it  is  prohahle  that  there  are  four. 


VARIATION    OP    INTENSITY. 

Before  we  leave  the  subject  of  terrestrial  magnetism,  there 
is  one  other  enquiry  that  demands  our  attention.  The  influ- 
ence exerted  by  'the  earth  upon  magnetic  bodies  varies 
greatly  in  its  intensity,  in  different  places. 

The  method  of  measuring  the  intensity  of  terrestrial  mag- 
netism was  first  suggested  by  Mr.  Graham,  who  proposed 
that  it  should  be  done  by  counting  the  number  of  vibrations 
made  by  a  magnet  when  disturbed  from  its  direction,  till  its 
return  to  equilibrium.  The  movements  of  the  needle  are 
governed  by  the  laws  which  regulate  the  vibrations  of  the 
pendulum,  and  the  intensity  of  the  magnetic  forcQ  is  pro- 
portional to  the  square  of  the  number  of  oscillations  per- 
formed in  any  given  time. 

Humboldt  and  DeRossel  were  the  first  who  made  accurate 
experiments  upon  the  magnetic  intensity,  and  they  have  as- 
certained that  the  force  of  terrestrial  magnetism  is  weakest 
at  the  equator,  and  increases  towards  the  poles.  It  is  a  pro- 
bable supposition  that  it  will  be  found  strongest  at  the  mag- 
netic poles,  and  weakest  at  the  magnetic  equator ;  but  th< 
principal  object  now  is  to  determine  the  isodynamic  lines 
or,  in  other  words,  the  lines  on  which  the  magnetic  intensit] 
is  equal 


2P.S 

ifl^Aadiffl-ilhifltntr  all-diBBrwviBnQdfectfi  of 
"b^  B«nnfQr  liypaduitical  ncttteiiicnl — tk 
ioBBniQi:  hd  }in]bH]Dik  f  mmdatiaii  in  tnn^  t^ioupfh  ii 
ikr  jmgiOBed  In-  &  caksbnoad  phUofiopbflr,  tx\  K^om 
foT  impiiBtitnii  jf  preattr  indebted.  Ln  i»  iTVUi^ 
ife  OBSfb  itD  panarin  a  pcvvrarful  smpifi,  hinj;  in  a  piY$i« 
tM  enamfing  ^tddi -die  tccreBtnal  JDBf^ne^ic  axi«;  And  )oi 
il  kK  ai^ppHBi  idat  iBie  imynm  hu  &  rerolution  rmxnd  «k^m^ 
Tins  h^^e^^BOE,  idiidi  Kepler  ranks  as  ono  of  the 
adl  fn'muVifir  disooreriees  i«  'ahfiurd  «noivrh  in 
.tat  wKdd  ppodace  aD  those  eStct^  upon  the  nceviW 
km  Jmst  <i|iaiT>fid,  Bnt  to  make  this  hy)X)ih<«ii% 
it  snist  be  as&nned  that  the  magnetic  |>o)e 
pole  <tf  li>e  eulh,  has  propeitM«  similar  n>  the 
f  aiBi^§;iaet;  Ibras  we  have  already  seen,  it  it 
od^poln  <tf  oppoBte  names  that  attract  each  other.  On 
cf  dds,  sGoie  anthara  have  seen  fit  to  change  ihe 
cf  the  magndic  poles,  calling  that  which  is  direcitHl 
to  die  narth,  the  sooth  pole.  This  change  in  nomenclature 
IkO  to  increase  the  ambiguity  which  the  authors  arc 
to  amid,  and  we  think  it  desirable  to  continue  the 
ofiginal  terms.  It  is  easy  to  perceive  that  the  dirc'cti^t'  force 
of  the  magnet  is  readily  accounted  for  by  the  h}*]H>thcKis« 
and  also  its  vanalion,  and  the  annual  change  in  the  >*ana* 
tioD,  which  would  result  from  a  slow  rotatory  motion  \hm* 
sesaed  by  the  terrestrial  magnet.  The  dip  is  also  cxplaincfl 
by  the  same  supposition,  for  it  is  evident  that  the  nearer  Uto 
needle  be  brought  from  the  centre  to  the  poles  of  the  terres* 
trial  magnet,  the  g^reater  will  be  the  deflection  from  the 
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horizontal  plane,  until  at  the  poles  it  assumes  a  perpendi- 
cular position.  This  may  be  shown  by  passing  a  needle  m 
suspended  as  to  have  a  freedom  of  perpendicular  motioB, 
over  tlie  surface  of  a  bar  magnet.  But  although  this  suppo- 
sition may  tend  to  illustrate  the  general  principles  of  terres- 
trial magnetism,  it  is  not  at  all  capable  of  explaining  many 
other  facts  with  which  we  are  acquainted.  The  irregularity 
of  the  magnetic  lines  is  altogether  unaccounted  for.  There 
is  also  reason  to  beheve  that  the  northern  and  southern  mag- 
netic poles  are  not* diametrically  opposite  to  each  other;  and 
there  are  indications  of  two  or  more  poles  in  each  hemi- 
sphere having  different  degrees  of  intensity.  It  may  in  &ct 
be  considered  as  determined  that  there  are  two  magnetic 
poles  in  the  northern  regions,  one  in  Hudson's  Bay,  the 
other  in  Siberia;  the  former  having  much  the  greater  inten- 
sity. 

INFLUENCE    ON    SOFT    IRON. 

Hitherto  we  have  only  spoken  of  the  influence  of  terres- 
trial magnetism  upon  the  needle,  and  of  one  magnet  upon 
another.  It  may  here  be  asked,  has  the  magnet  no  influ- 
ence upon  substances  which  do  not  possess  the  magnetic 
property  ?  and  to  this  question  we  must  endeavour  to  reply. 

If  we  take  a  piece  of  iron  or  steel,  and  bring  it  into 
contact  with  the  pole  of  a  magnet,  it  immediately  be- 
comes possessed  of  temporary  magnetism,  and  during  its 
conne2don  is  itself  a  magnet.  But  as  soon  as  the  mag- 
net is  removed,  all  the  acquired  properties  of  the  iron,  or 


ieel,  are  lost,  and  it  bcconm  iaexgaiAt  *•*€  yrvbv^s^  n.7 
lagnetic  efiect.    The  ytwutim  by  viccfa.  x  »errar»  tone 
roperties  has  heen  called  miae^gm,    A  5irv  ec^smunXA 
ill  explain  the  hct,  and  nhistnee  vat  zrsiTJz'ut     If  *Ju( 
oiih  pole  of  a  magnet  be  broivfat  iii£«>  irjnxxT.  -vita.  ^  «na^ 
ar  of  iron,  the  iron  becomes  a  macnec,  vui  rhac  *fui  viiiita 
I  connected  with  the  north  end  of  *ijt  vs^jjpgm  jk  i  ^-jnxa, 
ole.     But  if  the  sooth  pole  «d  the  icsKritfi:  vt  pc«3wn£ftri,  :£tf^ 
id  in  contact  wiD  be  a  north  prile.     Fr-jni  viir.h  it  ji  «t> 
enty  that  each  pole  of  the  maenet  'ttuinr.tA  trie  op^ofoe  Aisii 
fpolarity  in  that  end  of  the  iron  which  »  leue  dattux. 
It  has  been  discovered  that  the  bcv  ^'jr*TTdoa  thai  pr»- 
erty  of  indnction  is  constant,  and  that  uje  mdnction  i»  aL 
ays  inversely  as  the  distance.    Th»  mar  he  af^prxdmateir 
lown  by  an  experiment.    Brine  a  p[e«!e  of  iron  into  the  ri- 
nity  of  a  magnet,  so  dispoiniur  th«  fiiAtstLce  that  it  mar  be 
ipable  of  supporting  a  smaller  piece  of  iron  at  the  point 
rthest  from  the  magnet.    Ncrsr  withdraw  the  magnet  to  a 
reater  distance,  and  the  iron  will  falL     Bat  if  we  bring  a 
nailer  piece  of  iron  to  the  end,  it  will  be  imftpended ;  cv  if 
e  bring  a  small  piece  of  iron  wire  between  the  magnet  and 
\e  iron,  then  its  power  will  be  apparently  restored.     By 
[periments  varied  in  this  manner,  it  may  be  shown  that  the 
duction  is  inversely  as  the  distance. 
A  piece  of  iroo,  when  thus  temp«narily  magnetised  by  in- 
iction,  will  also  have  the  power  of  attracting  and  repelling 
le  poles  of  a  magnet.   Take  a  small  needle  suspended  on  a 
nnt,  and  present  it  to  a  piece  of  iron  arranged  as  in  the  last 


298  INFLUENCE   OF   MAGNETS    ON   EACH    OTHER. 

experiment,  and  it  will  be  influenced  according  as  the  p<te 
may  be  north  or  south. 

A  piece  of  iron,  in  a  state  of  induced  magnetism,  has  ako 
the  power  of  inducing  magnetism  in  another  piece  of  soft 
iron,  and  so  on  for  a  considerable  series,  and  the  last  piece 
which  receives  the  induced  magnetism  will  l)e  in  every  re- 
spect a  perfect  magnet. 

An  induced  magnet  has  also  the  singular  property  of  in- 
creasing the  intensity  of  the  magnet  itself.  Bring  to  OM 
pole  of  a  magnet  a  piece  of  iron  to  which  has  been  attached! 
small  scale.  Ascertain  the  weight  it  will  carry  by  adding 
weights  to  the  scale.  If  a  piece  of  iron  be  now  brought  near 
to  the  magnet,  or  in  contact,  and  the  experiment  be  repeated, 
the  magnet  will  sustain  a  much  greater  weight. 

From  this  general  view  of  the  principles  of  induction,  we 
may  discover  the  reason  why  a  magnet  attracts  a  piece  of 
iron.  It  is  not  because  it  has  any  affinity  for  the  iron,  but 
because  the  iron  becomes  a  temporary  magnet,  and  the  end 
connected  with  the  magnet  is  in  an  opposite  magnetic  state 
to  that  pole  of  the  magnet  itself. 


INFLUENCE   OF   MAGNETS   ON   EACH    OTHER. 

We  have  already  described  the  action  of  magnets  on  eacl 
other  as  consisting  chiefly  in  a  repulsion  between  poles  o 
the  same  name,  and  an  attraction  between  poles  of  an  oppo 
site  name.     The  action  of  one  magnet  on  another  is  regu 
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hkd  bf  m  Isv  first  disoorered  by  Mmyer  in  17(K»,  arid  afurr- 
nrdb  by  Lambert :  it  if  acoordiii^  to  the  invenie  •Kjuare  nf 
Ab  iBiliiMT.  Coulomb^  bowerer,  hat  dehtnrtd}y  i\it  bo- 
■oor  of  pronng  tbe  troth  of  tbie  importaxn  ]>nfi'*jpk  by  in- 
CQBliweilible  cndenoe. 

Ifr.  Fax  baa  recently  made  some  ezjierixxM'ntK  whi''L  t**!*'! 
to  piave,  tbat  tbe  reciprocal  force  of  two  rzihirii*^  at  Miriali 
dalHioeBv  ia  aa  tbe  direct  isrenMr  ratio  of  th*-  dJHtaiir;*:,  u*i* 
m  iSbe  invqae  ratio  of  the  aquanr  of  tht;  diKtaii':*-.  Mr.  ^o/ 
Hataadist  wben  tbe  two  magneto  Itt  tnnylftyt^j  wfff.-  i>*;)jik- 
ntad  about  two  tbonaandtb  of  an  jii'*i.  frort.  «ra':ij  'jtiit:r, 
bice  was  equal  to  only  one  half  of  ttia*  wti*:fj  il  «:ofi- 
Wben  tbe  ^atanee  wa«  one  tLouKanuti.  </  ai^  ifi<;ij, 
Ae  ferae  wna  only  one  qnar&er ;  wimj  fivi^  iiufiUr*su*.i.  of  aL 
■d^floly  oae  eigbtb;  and  ao  on,  iu  tb^^  dii^-Y  invt^rM:  ratiO 

untO  ibey  were  one-eiiKruttJ  of  aij  mn.,  ur  uior*- 
rbidi  the  atknctjve  power  i»wuj*:(:  to  aj^jKux- 
to  tbe  imeiae  ratio  of  the  htj^Msm  of  iii<:  'Ji<^iaii<^. 
Dr.  Bitcbie  ol^ectt  -  to  Mr.  f  or'i-  '.-oii'.juMoi  tua*.  tij/t  uiu 
tnai  attradaon  of  two  magneu  A^  uiv*rrM;iy  ar  ttn  UiriUiu<>, 
ind  auyiioila  the  accimc}-  of  tiit  iaw,  aiwa\>  ;>f!'>f  •.  iif^o)>vto 
by  pfaakMopbeny  of  the  iDvenMr  utfuntk  of  tn*  'iii^Ufj^.      'i'lAi: 
Doctor  admjte  the  accura^'  of  ttj^  tis^y^nu/^iwt    \t\x\  airuAuc 
die  concibiaon.    Hif  fint  oiji«:ctiOL  ir  luurjo^.-^  oi  '.ix<  luir' 
fbat  tiie  poaitioD  of  luut  wtqpMiU*.  ytot^.  ov^uor  '^i  Xut  louxi 
andlflagtb  cf  "^  magnet,     lb  proof  o5  tmr  i<ui>:ju*:u'.  iai- 
'f  ejcperiment,  iii  wiii'ji.  i  «U9*r    ««iii     iAt;iii|- 
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four  inches  long,  properly  magnetized,  was  shown  to  have  itef 
pole  an  inch  and  a  half  from  the  extremity,  the  distance 
from  the  extremity,  however,  decreasing  with  the  length  of 
the  magnet. 

Dr.  Ritchie  further  objects  that  Mr.  Fox's  experiment 
confirm  and  are  a  beautiful  illustration  of  the  law  of  inverse 
squares,  investigated  by  Coulomb ;  for,  he  says,  if  the  dis- 
tances between  the  poles  of  two  magnets  in  three  different 
positions  be,  as  2,  3,  and  4,  then  "  the  attractive  forces  wiH 
be  inversely  as  2^,  3^  4^  that  is  i,  J,  i^, ;  but  i  is  nearly  the 
half  of  one-fourth,  and  ^  nearly  the  half  of  J,  as  Mr.  Foi 
found  by  actual  experiment.'* 

To  the  last-mentioned  objection  Mr.  Fox  very  properly  ro- 
pUes ;  **  I  cannot  admit  the  justness  of  Dr  Ritchie's  concln- 
sions,  unless  it  can  be  shown  that  the  results  of  my  experi- 
ments are  conformable  to  the  law  of  the  inverse  squares,  of 
the  distances  throughout  the  whole  series  of  nine  or  ten  re- 
movals of  the  magnet,  calculating  from  any  assmned  points 
whatever  in  them. ' " 

The  results  obtained  by  Mr.  Fox  are,  however,  we  cannot 
doubt,  only  true  in  reference  to  magnetic  attractive  forces  at 
very  small  distances.  The  fact  was  observed  by  Mr.  Snow 
Harris  in  the  year  1827.  Speaking  of  a  table  containing  the 
resuks  of  some  experiments  on  this  subject,  he  says,  "  It 
may  be  perceived  that  the  corresponding  forces  at  near  ap- 
proximations do  not  materially  vary  from  a  simple  ratio  of 
the  distance.    The  deviation  from  the  law  of  the  inverse 

»  Phil.  Mag.  vol.  viu.  p.  108. 
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ing  them  while  in  a  vertical  position.    The  lower  end  wonlf} 
acquire  a  northern  polarity,  the  upper  a  southern,  and  thia 
is  the  result  of  the  inductive  influence  of  terrestrial  magnet- 
ism. If  the  iron  bar  be  hammered  upon  a  mass  of  the  same  j 
nletal,  both  being  placed  in  a  vertical  position,  the  magne- 
tism of  the  bar  will  be  increased,  for  both  will  be  rendered 
magnetic,  and  the  induced  magnetism  of  one  will  increase 
the  pow.er  of  the  other. 

Small  magnets  may  be  formed  by  simple  juxta-position. 
To  develope  magnetic  properties  in  this  way  it  is  not  suffi- 
cient that  one  end  of  the  steel  bar  be  in  contact  with  the  mag- 
net, for  then  one  end  will  be  more  strongly  magnetised  than 
the  other.  The  bar  must  be  placed  between  the  opposite 
poles  of  two  magnets,  having  nearly  the  same  power,  and  it 
is  found  that  the  magnetism  thus  induced  is  more  than  twice 
as  great  as  that  produced  by  a  single  magnet. 

But  the  greatest  magnetic  power  is  gained  by  bringing 
every  part  of  the  bar  under  the  influence  of  the  magnetising 
pole.  This  process  is  called  magnetising  by  th§  touch,  and 
it  will  be  necessary  to  speak  of  some  of  the  most  important 
methods,  which  have  been  proposed. 

The  first  method  employed,  was  that  called  the  single 
touch.  The  operator,  in  this  experiment,  places  upon  a  table 
the  bar  to  be  magnetised,  and  taking  a  magnet,  draws  one 
pole  in  a  vertical  position  over  the  surface  of  the  bar; 
after  this  has  been  done,  the  process  is  repeated,  and  conti- 
nually, till  the  effect  has  been  obtained.  Considerable  care  is 
required  in  this  operation,  or  the  bar  will  acquire  more  than 
two  poles. 
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Dr.  Knight  improved  upon  the  method  of  magnetiHinK  '^X 
the  single  touch.     He  used  the  opposite  poles  of  two  mag- 
sets,  Inlying  poles  of  different  names  to  the  opixwite  liaive^ 
of  the  bar.    Take  two  magnets,  and,  joining  them  by  tb«ir 
opposite  poles,  plac;e  them  on  the  bar,  in  such  a  yumiion  tlj^t 
their  point  of  juncrtion  may  be  on  its  centre.     Hy  timwittt/ 
them  in  opposite  directions,  each  pole  will  receive  tli^  rnstii/' 
netism  it  is  to  permanently  possess.  Thi''  meth'xJ  wau:  fwjttui 
to  answer  exceeding  well  with  nnall  Yyar»,  but   wm  u*/* 
equally  effective  in  magnetising  loiig  *mtk, 

Duhamel  inveuted  another  proce^fe  V>'  which  Wt  *A  Mtj 
length  may  be  rendered  magnetic.     \\h  v>/k  two  \^3u^  '/ 
hard  steel,  and,  placing  them  penuje^  Vj  •saf-u  'A!*»:r,  usi^jr^^s 
them  by  bars  of  soft  iron.  Tbe  'r/^j»i:ik  yJA»  */%^*j  'yjsjfXsfr, 
of  magnets  were  then   pilacf^  *jy£*fju*rT  <>z.   *r^.  *^/>.  *A  *''-* 
parallelogram,  and  fcl^m-iy   isepLrt'jtc      'l'-.".   •/>'y>zt*  *^  u/ 
repeated  on  each  bar.  ii*d  '.«l  «*' •.  *i'^*  v'   .-.^    ,<.•,  *  rf*-/ v;-/ 
permanent  manedfru^  ngj  o*  'r/viiti'r'.       h;! :  -^  iji.';^v*x 
upon  this  prcKsesfr  -7"  TiKzi^  n:ai'ii»r.i'.  ^v?*:.  'stjit  iu-  ^i.»-  <*vr. 
pieces.    Several  ffziez  zijfr.it*j'^*  ia:»*  '.^istri  *::'.iytj**.*,,  u**^  '/ 
which  have  arirrsisi^**  11:1  :»»r  ixar-.t^suin.'  *:i'*:\i'iuf^-i^'*^ 

We  have  bsfft  t-Trjc-tx  'j5  '.i**  y'j'^-ur.i.ti  '/  |^:'ii«*4j»>i» 
nagnetisc  ir.  f*m4Cii*-»u»  v^ui**.  ou  :ii'  ;>*v/^''.;  *'  v"',* 
lermaDcir:  izi  its:ET^A.  i'x  'i^r*  a**,  luiai--  «x*>«':.-  ••'u^^  >;*^- 
o  disturb  szid  *^*a.  •*:  ci<ar.-i»;  i-      '*ii-   n'M^/.^^'.ijr.i  */   'i-o. 

aid  to  "X  CJMil^AiMf^       ^'  i'J*    rti^tiiJj'>.     w*.    rJt*;^    *    j-i-xi/jij*^    .: 


304  INFLUENCE   OF   MAGNETISM    ON   WATCHES. 

magnets  be  kept  with  their  similar  poles  united,  the  power 
of  the  magnet  is  dissipated,  and  the  weaker  wiU  sometimes 
have  its  poles  reversed.    Heat  also  will  destroy  the  magnetk;  ! 
power,  and  a  concussion  or  violent  rubbing  will  produce  tie 
same  effect. 

Magnets  may,  on  the  other  hand,  be  strengthened  by  » 
attention  to  the  converse  of  these  statements.  The  best  pi*- 
vision  for  the  security  of  magnets  is  the  application  of  ai 
armature,  that  is  to  say,  their  poles  should  be  united  by  i 
small  piece  of  soft  iron.  "When  it  is  required  to  unite  tro 
or  three  magnets  so  that  they  may  act  as  a  single  magoet» 
they  are  bound  together  by  a  piece  of  soft  iron,  which  cona-  \ 
derably  increases  their  magnetic  power.  ' 

The  influence  of  magnetism  upon  the  going  of  clocks  and 
timepieces,  has  been  studied  by  many  ingenious  persons. 
In  the  year  1798,  Mr.  S.  Varley  published  an  interesting 
paper  on  the  subject  ^    This  gentleman  represents  himself 
as  having  studied  for  many  years  the  theory  of  clock  and 
watch  making,  and  as  ha^^ng  been  engaged  for  some  time 
in  an  extensive  manufactory  of  watches.      From  his  own 
statement  it  is  evident  that  some  persons,  previous  to  the  pub- 
lication of  his  paper,  were  of  opinion  that  the  balance  wheels 
of  watches  might  possess  the  magnetic  property,  but  that  it 
was  sufficiently  powerful  to  alter  the  rate  of  going  in  a 
watch  placed  in  different  positions,  no  one  had  imagined. 
Mr.  Varley's  attention  was  called  to  the  subject  from  the  cir- 
cumstance of  his  having  in  his  own  possession  a  watch  of 

Tilloch's  Philosoph.  Mag.  vol.  i.  p.  16, 
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QDDdleiit  wot-kmanship,  but  exceedingly  irregular  in  its  ac- 
tion. When  the  pendulum  spring  was  removed,  and  the 
balance  placed  on  the  poising  tool,  it  was  soon  found  that 
magnetiam  was  the  deranging  cause.  So  strong  was  the 
loagnetiam  of  the  balance,  that  when  its  plane  was 'in  an 
horiiontal  position  the  polarity  overcame  the  friction  upon 
the  pivoty  and  it  constantly  ranged  itself  with  its  poles 
tovaids  the  poles  of  the  earth. 

To  determine  the  amount  of  influence  ])088e8Re(l  by  mag- 
aeCism  the  balance  was  replaced,  and  the  watch  put  in  a 
Vmiontal  position,  with  the  north  pole  of  the  balance 
towards  the  terrestrial  pole  of  the  same  name  : — in  this  situ- 
ation the  watch  gained  five  minutes  thirty<five  seconds  in 
twenty-four  hom^.  When  the  north  pole  of  the  balance  was 
towards  the  south  pole  of  the  earth,  the  watch  lost  six 
nunutes  forty-eight  seconds  in  the  same  period.  After  dis- 
covering these  results,  a  gold  balance  was  substituted,  and 
the  error  in  the  rate  of  going  was  entirely  corrected.  Mr. 
Varley  made  experiments  upon  many  other  steel  balances, 
but  was  unable  to  find  one  without  magnetic  polarity. 

Since  the  publication  of  Mr.  Varley's  paper  much  atten- 
tion has  been  paid  to  the  influence  of  magnetism  on  the  ratCH 
I  of  chronometers.  To  correct  any  source  of  erro  to  whicli 
the  instruments  may  be  exposed  is  so  important,  that  all  per- 
sons who  are  engaged  in  philosophical  piu^suits  have  watched 
this  investigation  with  peculiar  interest.  We  cannot,  how- 
ever, in  this  place,  do  more  than  direct  the  reader  to  the 
papers  which  have  appeared  in  the  Philosophical  Journals  •. 

'  Sec  Mr.  Fisher's  paper  in  Philosophical  Transactions  for  1820  and 
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• 

In  the  year  1824,  M.  Arago  discovered  that  if  a  plate  <tf 
copper,  or  other  metal,  be  placed  under  a  magnet,  it  wSl 
sensibly  affect  the  extent  of  its  oscillations,  and  bring  tie 
needle  to  rest  in  a  shorter  time  than  would  otherwise  have 
been  required.  This  observation  led  him  to  the  examinatioii 
of  the  phenomena,  and  ultimately  to  the  discovery  of  a  most 
interesting  class  of  effects.  In  December  of  the  same  year, 
Mr.  Barlow,  assisted  by  Mr.  James  Marsh,  commenced  a 
similar  investigation.  "  Mr.  Barlow  having  requested  me," 
says  the  latter  gentleman,  "to  ascertain,  by  means  of  one  of 
the  turning  lathes  in  the  Royal  Arsenal,  whether  by  giving  to 
an  iron  body  a  rapid  rotation,  any  change  could  be  distin- 
guished in  its  magnetic  state  during  the  motion,  or  after  it 
had  subsided,  I  did,  accordingly,  about  the  beginning  of 
December,  1824,  attach  a  small  howitzer  shell  to  a  lathe, 
admitting  of  a  rapid  motion,  and  having  placed  a  small 
compass  very  near  to  it,  I  perceived  at  once,  that  the  needle 
was  considerably  deflected,  but  it  returned  to  its  origrnal 
direction  as  soon  as  the  motion  ceased." 

Similar  experiments  were  afterwards  made  by  Mr.  Barlow; 
but,  finding  himself  embarrassed  with  the  iron-work  of  the 
lathes  and  other  machines,  he  constructed  an  instrument "  by 
means  of  which  he  succeeded  in  deducing  the  laws  which 

Mr.  Harvey's  remarks  in  Edinburgh  Philosophical  Journal,  vol.  x,  p.  !• 
See  also  Mr.  Barlow's  papers  on  the  Local  attraction  of  vessels,  Edin- 
burgh Philosophical  Journal,  vol,  ii,  p.  65. 
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regulate  and  detenniiie  the  directioo  of  the  needle  in  all 
•cases  and  in  aU  ritnations.**   It  was  not  till  April,  1925,  that 

Mr.  Barlow  was  made  acquainted  with  M.  Araf^o'i  experi- 
BKDts.  ''The  account  he  had  of  M.  Arago^s  ezperixaent/* 
ays  Mr.  Marsh,  **  wbb  that,  by  placing  a  copper-plate  on  a 
Yertical  spindle^  the  f^ate  being  horuontal,  and  then  placing 
just  above  it  a  light  compaes  needle,  but  independent,  <A 
eoaiae,  of  the  plate ;  on  caosing  the  spindle  and  plate  to  re- 
vcife,  the  needle  was  considerably  deflected,  and  more  and 
more  aa  the  velocity  was  increased ;  iso  that,  when  the  phite 
was  pot  into  nqptd  rotation,  the  needle  also  began,  after  a 
&w  vibrations,  to  revolve,  and  at  length  with  conaiderabk 
vdocity." 

Una  account  is  interesting,  as  showing  the  manner  iu 
which  two  philoeophen,  at  a  distance  from  each  other,  may 
be  led  by  a  nmilar  coarse  of  thou^^  and  ezperimeut  to  tk^ 
discovery  of  the  same  principles.  W<;  Khali  u<A,  however^ 
refer  more  at  large  to  the  o\mtrMiXionk  fAAmtfo  and  Barlow, 
but  direct  the  attentaon  of  iht  reader  to  an  JuuHtrument  in- 
vented and  mannfutored  br  Mr.  E.  M.  Clark^^  *A  Lowtbtr 
Arcade,  for  the  exhibxtioD  of  the  £acu  they  difecwered. 
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clarkb's  compound  apparatus. 


"Big.  54y  represents  an  instrument  by  which  e 
tical  or  horisontal  motion  may  be  obtained^  a 
therefore,  be  made  serviceable  for  many  experiiB 
that  we  are  about  to  describe.  From  the  end  o 
xontal  arm  is  suspended  by  a  string  a  bar  magne 
the  magnet  there  is  a  circular  disc  of  copper^  whi 
to  revolve  from  its  connection  by  a  band  with  the 
wheel.  A  pkte  of  glass  is  fixed  between  the  i 
the  copper  disc,  so  as  to  prevent  the  action  of 
air.  As  soon  as  the  disc  begins  to  rotate,  vibi 
be  observed  in  the  magnet,  and  after  a  short  time 
rotate  in  the  same  direction. 

Fig.  64. 
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»5,  exhibits  the  reverse  ezperimeiit — the  rotation  of 
net  producing  that  of  the  disc.  From  both  the  ex- 
ts  it  will  be  evident,  that,  by  rotation,  a  temporary 

Fig.  55. 

^^1 r 


310  CONCLUSION. 

ma^etdc  state  may  be  induced  in  metals  supposed  U 
destitute  of  the  property. 

This  condensed  explanation  of  the  science  of  magnei 
will  put  the  reader  in  possession  of  some  important  factS; 
lating  to  the  influence  of  magnets  on  each  other,  and  of 
restrial  magnetism  on  them.  The  relative  influence  of  o 
netism  and  electricity  we  cannot  describe  until  we  1 
taught  the  latter  science,  and  our  now  very  limited  s; 
wiU  prevent  us  from  attempting  even  a  brief  account  of 
extensive  science  of  £lectro-Magnetism. 


ELECTRICITY. 

The  word  Electricity  had  a  few  years  since  a  very 
application  to  the  phenomena  presented  during  the  derelop- 
inent  of  certain  forces  by  friction.     The  experiments  of  mo- 
deiti  philosophers  have  proved  that  the  same  agent 
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The  unequal  transmiBsion  of  heat,  from  the  surface  of  the 
Earth,  gives  a  varying  temperature  to  these  immense  aoco- 
mulations  of  metallic  suhstances.  This  is  sufficient  to  pot 
in  motion  thermal  electric  currents,  which  are,  in  all  proba- 
bility, in  many  instances  aided  by  the  presence  of  temaiy 
arrangements  developing  voltaic  electricity. 

These  currents  must  find  a  passage  to  the  surface  of  die 
£arth,  and  every  tree  and  vegetable  blade  becomes  a  me^na 
of  dissipation.  There  are,  therefore,  causes  both  on  die 
surface  and  in  the  interior  of  omr  world,  which  tend  to  dis- 
turb the  electric  equilibrium.  In  the  atmosphere  it  is  col- 
lected in  clouds,  from  which  it  descends  to  the  Earth;  nor 
need  it  be  a  matter  of  surprise,  when  we  consider  how  vast 
an  accumulation  of  electric  fluid  is  sometimes  present  in  tbe 
clouds,  that  there  should  be  some  countries  where  the  rofl 
of  the  thunder,  and  the  flash  of  the  lightning  scarcely  cease. 
But  at  the  same  time  we  must  admire  the  beauty  of  those 
arrangements  by  which  the  disturbances  of  the  electric  equi- 
librium are  corrected,  and  the  fair  forms  of  nature  preserved 
from  the  devastating  and  consuming  influence  of  an  inordi- 
nate  accumulation. 


COMMON    OR    ORDINARY    ELECTRICITY. 

The  effects  produced  by  electricity  generally,  are  similar 
to  those  which  would  be  obtained  from  the  action  of  a  subtle 
fluid,  and  hence  it  is,  we  speak  of  the  electric  fluid.  In  that 
state  to  which  we  are  now  about  to  allude  its  effects  are  such 
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n  would  mult  from  great  confinwrtioD,  iliavii  by  iu 
aodden  and  Yioleiit  action  wben  acciiimilatfd  in  a  Lrrden 
jur.  As  water,  when  poit  up  by  some  powerful  resistance, 
sweeps  away  all  leaser  obstacles  when  the  greater  is  removed, 
and  fOTming  for  itself  a  channd,  flows  on  till  it  attains  a  uni- 
finmity  of  sorfiEice,  so  the  accnmnlated  and  the  confined 
ciectric  fioid,  when  once  it  has  a  means  of  escape  rushes 
from  its  place  of  rest,  and  instantly  restores  equilibrium. 

The  most  common  method  of  developing  the  ordinary 
dectricity  is  by  friction.  AH  bodies  are  capable  of  excite- 
ment under  restrictions  to  be  hereafter  mentioned.  When 
two  bo^es  are  rubbedtogether,  their  electrical  conditions  are 
distuibed,  one  being  charged  with  more,  and  the  other  with 
less  than  its  natural  quantity.  And  this  effect  will  be  ob- 
tnned,  even  though  the  bodies  are  to  all  appearance  exactly 
dike»  finr  Epinus  says,  that  when  he  rubbed  two  equal  pieces 
of  glass  together,  they  were  oppositely  electrified. 

fither  plus  or  minus  electricity  may  be  obtained  from  any 
lubatance  by  changing  the  rubber.  Thus  a  piece  of  glass 
excited  by  a  silk  handkerchief^  will  be  positively  electrified, 
with  the  back  of  a  living  cat  negatively.  The  character  of 
the  dectridty  will  also  depend  on  the  degree  of  smoothness. 
Colour  also  has  an  influence,  for  if  black  and  white  silk  are 
rubbed  together,  the  former  will  be  negatively,  the  latter 
positively  electrified. 

Electricity  m^  also  be  developed  by  the  friction  produced 
in  the  act  of  sifting.  This  may  be  proved  by  softing  some  fine 
line  filings  through  a  silver  sieve,  or  silver  filings  through  a 
line  deve,  on  the  top  of  a  gold  leaf  electrometer.  When  sub- 
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Stances  are  rubbed  together,  as  in  the  act  of  trituration  or 
pounding,  the  electrical  states  of  those  substances  are  changed. 
Take  a  smooth  plate  of  glass,  and  trace  any  letter  upon  it 
with  the  knob  of  ajar  charged  positively,  and  the  same  or  any 
other  letter  with  the  knob  of  a  jar  charged  negatively.  Thai 
rub  togther  some  red  lead  and  sulphur  in  a  mortar,  and  dust 
the  plate  with  the  mixture,  or  filling  the  mouth  of  a  pair  of 
bellows,  blow  it  on  the  plate.  The  sulphiur  will  attach  itsdf 
to  the  letter  made  with  the  negative  jar,  and  the  red  lead  to 
that  made  with  the  positive.  Only  one  reason  can  be  given 
for  this  appearance ;  the  sulphur  is  positively,  and  the  red 
lead  negatively  electrified  by  rubbing. 

Electricity  is  also  often  developed  when  a  substance  is  torn 
asunder  by  mechanical  force.  When  a  piece  of  dry  wood  is 
split,  one  piece  will  be  in  a  positive,  the  other  in  a  negative  state. 

Electric  phenomena  are  also  developed  when  a  substance 
changes  its  state,  from  a  solid  to  a  liquid,  or  from  a  liquid  to 
a  vapour.  If  a  hot  plate  be  placed  on  the  cap  of  a  gold-leaf 
electrometer,  and  a  little  distiUed  water  be  dropped  on  it, 
the  water  will  instantiy  be  vaporised,  and  the  leaves  will  di- 
verge, giving  evidence  of  the  liberation  of  the  electricity. 

The  action  of  heat  on  crystallized  bodies  also  disturbs. their 
electric  states.  Tourmaline  is  a  substance  peculiarly  adapted 
to  prove  the  fact.  This  curious  mineral,  called  by  the  anci- 
ents, Lyncurium,  and  by  Linnaeus,  the  Lapis  Electricus,  or 
Electric  Stone,  was  first  examined  by  Epinus  in  1756.  Hjs 
experiments  were  published  in  the  Memoirs  of  the  Berlin 
Academy.  When  the  temperature  of  a  crystal  was  raised 
from  100^  to  212°  Fahrenheit,  one  end  was  charged  with 
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itive,  the  other  with  negative  electricity.  Boracite,  Topaz, 
nite,  and  other  minerals,  are  also  capable  of  excitement 
he  same  manner.  M.  Haiiy  is  of  opinion,  from  the  result 
ds  researches,  that  the  process  of  crystallization  is  depen- 
t  on  electricity. 

^olta  was  the  first  who  ascertained  that  the  electric  condi- 
L  of  bodies  is  disturbed  by  contact,  lliis  was  proved  by 
ing  two  discs,  one  of  copper,  the  other  of  zinc,  or  still 
;er  silver,  about  two  inches  in  diameter.  To  these  were 
ched  glass  handles.  The  plain  and  smooth  surfaces  of 
discs  were  then  made  to  touch,  and  when  separated,  their 
trie  conditions  were  examined :  the  copper  was  uniformly 
I  negative,  and  the  silver  in  a  positive  state, 
lence  then,  it  will  appear,  that  the  mere  contact  of  two 
ilated  dissimilar  metals,  without  friction,  is  sufficient  to 
,urb  their  electric  condition ;  but  no  theory  has  been  yet 
posed,  by  which  this  extraordinary  fact  can  be  accounted 
The  silent  transmission  of  electricity,  during  a  momen- 
r  contact,  must  be  produced  by  some  force,  which  we  are 
>resent  altogether  unable  to  trace. 

Electricity  is  also  very  commonly  developed  by  sub- 
ices,  when  acting  chemically  on  each  other.  Becquerel 
proved,  that  an  acid,  when  it  has  a  chemical  action  on  a 
:al,  becomes  positive,  and  the  metal  is  in  a  negative  state : 
bis  is  the  case  when  diluted  sulphuric  acid  attacks  iron 
igs.  From  Dr.  Wollaston's  experiments  on  the  electrical 
chine,  we  may  learn  that  electricity  is  set  free  by  the  oxi- 
ion  of  metals,  and  that  the  electricity  of  the  machine  is 
tly  derived  from  this  source. 


318  VOLTAIC   AND   MAGNETIC   ELECTRICITT. 


VOLTAIC   ELECTRICITY. 

When  any  three  elements,  two  of  which  exhibit  chemical 
action,  are  in  contact,  electricity  is  given  out ;  but  the  floid 
is  in  a  different  state  from  that  obtained  by  friction,  llie 
voltaic  battery  gives  a  continuous  stream  or  current  of  elec- 
tricity, but  it  has  httle  or  no  intensity.  The  common  elec- 
tricity has  so  much  energy  when  in  motion,  that  it  is  able  to 
overcome  the  resistance  of  a  bad  conductor;  the  voltak 
electricity  has  not  this  power.  If  a  ball,  for  example,  be 
brought  within  an  inch  or  two  of  the  conductor  of  a  machine, 
the  electricity  will  pass  from  one  to  the  other,  although  dry 
air,  which  is  a  bad  conductor,  should  intervene  between 
them.  But  let  the  two  ends  of  the  conducting  wires  be 
brought  to  the  same  distance  from  each  other,  and  no  effects 
will  be  observed ;  they  must  in  fact,  be  almost  in  contact 
before  there  can  be  any  transmission  of  the  electricity.  On 
the  other  hand,  the  quantity  of  electricity  is  much  greater 
from  the  voltaic  battery  than  from  the  common  machine,  for 
in  the  former  there  is  a  constant  current,  and  in  the  latter 
the  fluid  is  incessantly  interrupted. 


MAGNETIC   ELECTRICITY. 


Electricity  may  also  be  obtained  by  the  action  of  the 
magnet,  which  is,  we  think,  its  most  important  source.  The 
magnet  was  known  ages  before  the  existence  of  electricity 
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was  suspected,  and  yet,  when  its  principles  had  been  ascer- 
tained, and  all  other  known  means  of  setting  it  free  had  been 
discovered,  the  magnet  was  found  capable  of  exciting  the 
same  agent.  There  are  many  reasons  why  the  magnet  should 
be  preferred  as  the  best  means  of  showing  electric  pheno- 
mena. It  is  in  the  first  place  able  to  exhibit  the  intensit}- 
effects  of  the  common,  and  the  quantity  effects  of  the  voltaic 
battery  with  equal  feunlity.  It  is  at  the  same  time  leHs 
affected  by  external  causes  than  either.  The  machine  will 
only  act  in  a  particular  condition  of  the  atmosphere, — the 
presence  of  moisture  effectuaUy  prevents  any  results,  llie 
foltaic  battery,  on  the  other  hand,  in  its  common  form,  soon 
loses  its  active  energy,  and  decreases  in  power  in  pro])ortion 
to  the  time  it  is  used.  Both  are  attended  ^vith  much  trouble 
in  the  preparation,  but  the  magnetic  machine,  on  the  other 
hand,  is  always  ready  for  use,  and  will  exhibit  more  effect 
than  either  separately.  It  cannot  then  be  disputed  that  we 
should  act  wisely  in  placing  the  magnet  first  among  the  va- 
rious sources  of  electric  excitement. 


THERMAL   ELECTRICITY. 

The  electrical  condition  of  metal  is  disturbed  by  an  un- 
equal temperature.  If  a  bar  of  antimony,  bismuth,  or  other 
metallic  substance  be  heated  at  one  place,  and  cooled  at 
another,  a  current  of  electricity  is  instantly  put  in  motion. 
In  this  case,  however,  the  intensity  is  so  small  that  little  or 
no  effect  can  be  obtained ;  but  when  many  plates  are  con- 
nected together,  the  results  are  very  striking. 
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ANIMAL    ELECTRICITY. 


PRODUCTION  OF  ORDINARY  ELECTRICITY. 

There  are  few  scientific  subjects  which  have  been  so  gene- 
rally studied,  as  the  science  of  Electricity.  This  will  appear 
at  first  the  more  singular,  when  we  consider  that  it  is  the 
branch  of  physical  knowledge  of  the  most  modern  growth. 
It  has,  however,  been  the  most  prolific,  and  has  thrown  off 
many  subsidiary  shoots  which  have  yielded  much  fruit  to 
the  cultivator.  The  Science  of  Astronomy  first  engaged, 
without  doubt,  the  attention  of  men,  and  when  in  maturity, 
Electricity,  as  a  principle,  much  more  as  a  science,  was  un- 
known.   The  study  of  the  heavenly  bodies  was  the  most 


The  term  animal  electricity  has  been  applied  to  many  dis- 
tinct classes  of  phenomena.  The  free  electricity  of  the  human 
body  has  been  sometimes  so  called,  and  at  one  period  the  : 
voltaic  electricity  had  the  same  name  :  we  must,  howevor, 
confine  the  use  of  the  expression  to  that  agent  developed  by 
a  few  fishes,  called  by  way  of  distinction  the  electrical  fishes,   i 

There  are  then  five  sources  of  electricity ;  not  five  distinct 
kinds  of  electricity  as  some  suppose,  but  the  same  agent  in 
different  states.  These  we  shall  examine  separately,  but 
the  reader,  by  bearing  in  mind  the  unity  of  the  agent,  will 
be  greatly  assisted  in  his  attempt  to  acquire  a  knowledge  of 
the  science. 
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gave  them  birth,  and  do  not  seem  to  have  made  any  expeii- 
ments  calculated  to  acquamt  them  with  the  cause  of  the  up- 
pearance  that  excited  their  wonder. 

In  the  beginning  of  the  eighteenth  century,  when  the  at- 
tention of  intelligent  and  observing  men  was  so  singukily 
and  powerfully  impressed  with  the  necessity  of  an  experi- 
mental investigation  of  physical  agents,  many  attempts  were 
made  to  discover  the  nature  of  that  principle,  developed  l^ 
friction  on  the  surface  of  amber.     Dr.  Gilbert,  a  physician 
of  eminence,  ascertained  that  many  other  substances  acquiie 
the  attractive  power  by  friction.    Between  the  years  J730 
and  1736,  Mr.  Gray  published  some  papers  on  electricity,  id 
the  Philosophical  Transactions.  This  philosopher  discovered 
that  some  bodies  had  the  power  of  conducting  electricity; 
and  that  others  had  not.    He  also  made  some  experiments  . 
which  induced  him  to  believe  that  certain  bodies  could  be 
excited  by  friction,  while  others  could  under  no  circum- 
stances be  made  to  possess  the  attractive  power :  and  con- 
sequently, he  divided  all  substances  into  electrics,  and  non- 
electrics  .    This  arrangement  has  been  adopted,  even  by  many 
modem  philosophers,  yet  there  can  be  no  doubt  that  all  sub- 
stances are  capable  of  excitement  by  friction,  though  not  in 
an  equal  degree.    If  we  rub  a  rod  of  glass  with  a  piece  of  silk, 
taking  care  that  both  be  perfectly  dry,  we  shall  find  that  the 
glass  will  be  electrified,  or  in  other  words  that  it  will  acquire 
the  property  of  attracting  light  substances.    The  same  effect 
will  be  produced  if  we  rub  a  stick  of  sealing  wax  with  flan- 
nel, or  a  woollen  cloth.     Let  us  then  take  a  rod  of  metal, 
brass  for  instance,  and  rub  it  with  a  black  cat's  skin,  we  shall 


jcev*9ioi  Sis  in* 
3K3iar  aiiancsf . 

txura  vil  iHiwiiipr- 

vttura  vil  vniny  «Lectn: 

Fig.  56.  Let  A  fig.  56,  be  a  pick  ball  fai§|)ieBiJied  ai  a 
hook£Hlaicdtoa^iaflBfCuiiiSS.  Tikeipttce 
of  safiog  vax  and  nib  is  bnskly  with  a  ia»- 
nel  so  that  it  mar  be  excited.  Tben  brliwr  it  into 
contact  with  the  ball  A.  Ai  «ooa  as  the  twv> 
bodies  are  broccht  ui^ether.  the  ball  \  itctma 
a  certain  amount  of  eLectridtv  from  the  excited 
sealing  wax,  and  the  proof  of  this  is  the  existence 
e^  — >  of  a  repeDant  force,  which  is  ahnost  immediatelT 
called  into  action.  We  may  therefore  suppose  the 
pith  ball  A  to  be  charged  with  electricity,  or  in  other  words 
excited  by  contact,  with  the  electrified  wax.  We  will  now 
touch  it  with  a  glass  rod,  but  none  of  its  electricity  is  car- 
ried away,  for  it  will  still  be  repelled  by  an  excited  stick  of 
sealing  wax.  If  it  be  touched  with  resin,  the  same  result  will 
be  observed :  but  if  we  bring  a  piece  of  iron  wire  or  any 
other  metal  near  it,  all  the  electricity  will  be  instantly  lost. 
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From  these  experiments  it  will  evidently  appear  that  glaaa 
and  resin  are  non-conductors  of  electricity,  and  that  the 
metals  are  conductors.  Now  apply  this  fact  to  the  experi- 
ments first  made.  We  may  hold  sealing  wax  in  the  hand 
and  excite  it  with  flannel,  or  glass  with  silk ;  but  if  we  take 
a  metal  it  will  be  impossible  to  have  any  proof  of  excitation, 
for  as  quickly  as  the  electricity  is  produced,  it  is  carried 
away  by  the  human  body,  which  is  a  conducting  substance. 
If  we  would  determine  the  question,  are  the  metals  electrical 
we  must  attach  them  to  bodies  which  are  not  conductors. 

p-    5j  Take  a  cylinder  of 

brass    CD,    fig.    57« 

^    and  fix  it  into  a  glass 

handle  A  D.      Rub  it 

with  a  black  cat's  skin,  and  it  will  be  soon  electrified,  and 

acquire  the  property  of  attracting  light  substances. 

From  the  experiments  which  have  been  made,  there  can 
be  no  doubt  that  all  substances  may  be  electrified  by  friction 
The  flannel  with  which  sealing  wax  is  rubbed,  is  excited  as 
well  as  the  wax ;  two  pieces  of  silk  cannot  be  drawn  together 
through  the  fingers,  without  being  electrified.  How  vast 
then  must  be  the  influence  of  this  agent  in  nature.  If  no 
two  substances  can  be  rubbed  together  without  a  disengage- 
ment of  electricity,  there  must  be  a  constant  disturbance  and 
re-establishment  of  electric  equilibrium,  which  may  even  in 
the  present  stage  of  our  investigations  be  supposed  to  pro- 
duce many  important  natural  phenomena. 

This  immediately  leads  us  to  inquire  if  the  electricity  of 
substances  is  the  same  in  all  instances.  Are  there,  it  may  be 


y 
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asked,  any  points  of  difimnce  betwieen  the  electricity  of  one 
sabstance  and  another  ?  is  there,  for  instance,  any  difference 
between  the  electricity  produced  by  the  friction  of  sealing 
wax,  and  that  developed  on  the  tsnrface  of  glass.    To  deter- 
mine this  question,  we  will  take  two  pith  balls,  and  suspend- 
ing each  by  a  silk  thread,  which  is  a  non-conducting  j^ub- 
•tanoe,  charge  one  with  the  electricity  of  wax,  ami  the  other 
\     with  the  electricity  of  glass.     Then  bring  the  two  balls  near 
[     to  each  other,  and  it  will  be  obsenred  that  an  attraction  exists 
^     between  them,  from  which  it  may  be  supposed  that  an  elec- 
trified body  has  an  influence  upon  an  excited  substance,  as 
well  as  upon  one  that  is  non-electrified.  Let  us  now  take  the 
two  balls  and  excite  both  with  the  same  electricity,  whether 
it  be  that  from  glass  or  wax,  and  bring  them  near  to  each 
other :  it  will  be  observed  that  they  repel  each  other.    If 
these  experiments  be  continued  by  observations  upon  the 
influence  of  other  excited  bodies,  it  will  be  discovered  that 
there  is  always  a  repulsion  between  two  bodies  charged  with 
the  same  electricity,  and  an  attraction  between  those  which 
are  excited  with  the  electricity  of  some  different  bodies.  We 
do  not  mean  to  say  that  if  we  take  promiscuously  any  two 
labfitances,  and  excite  them,  there  must  necessarily  be  an 
attractive  power  between  their  electricities.    There  are  two 
classes  of  bodies,  if  we  may  be  allowed  the  expression,  in 
relation  to   electricity,  and  any  two  excited  substances  of 
either  class  would  repel  each  other,  and  an  excited  substance 
of  one  class  will  attract  one  of  the  other  class.     At  the  head 
of  one  series  we  have  the  resins,  at  the  head  of  the  other 
vitreous  bodies,  and  hence  we  call  one  kind  of  electricity  re- 
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sinous  and  the  other  vitreous^  or  according  to  the  nomi 
ture  of  other  authors^  negative  and  positive. 

There  are  many  interesting  experiments  which  m 
made  with  exceedingly  simple  apparatus  to  show  the 
sence  of  electricity,  developed  by  friction,  and  the  infl 
which  it  has  upon  itself. 

Suspend  a  feather  to  an  insulated  stand,  fig.  56,  th 
stand  made  entirely,  or  in  part  of  a  non-conductor,  s( 
the  electricity  communicated  to  any  substance  shall  r 
carried  away  to  the  Earth.  Then  take  a  piece  of  s 
wax,  and  after  rubbmg  it  briskly  with  flannel  bring  i 
to  the  feather,  which  will  be  attracted  by  it,  and  so  sti 
that  it  may  be  easily  carried  over  the  stand. 

The  presence  of  electricity  may  be  always  deternuE 
the  attraction  of  light  bodies,  or  by  the  repulsion  wl 
produced,  when  these  bodies  become  charged  with  the 
Fig^8.  electricity  as  the  excited  substance.  T 
struments  used  for  this  purpose,  are 
electroscopes  or  electrometers.  One  in^ 
by  Mr.  Bennett,  and  called  the  gold  leai 
trometer,  is  shewn  in  fig.  58.  It  is  a 
vessel  with  a  brass  disk,  to  which  is  att 
a  flattened  wire  with  pieces  of  gold  h 
pith  balls.  If  any  excited  body  be  brought  into  o 
with  the  brass  cap,  the  gold  leaves  or  pith  balls  being 
larly  electrified  will  repel  each  other,  and  thus  give  evi 
of  the  presence  of  electricity. 

A  more  detailed  description  of  this  important  instn 
will  be  given  in  another  part  of  this  chapter. 
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The  principle  of  attraction^  or  repulsion,  as  resulting  from 
electricity  of  the  same,  or  of  opposite  names,  may  be  illus- 
trated by  the  following  experiment,  which  is  a  modification  of 
one  commonly  known  as  the  electrical  bells. 

Fig.  59.  Let  B,  fig.  59>  be  a  hemisphere  of 

metal,  representing  a  bell  without  its 
dapper,  and  let  C  be  a  small  metallic 
ball,  and  each  of  them  be  suspended  to 
a  rod  by  silk  threads,  or  some  other 
non-conducting  substance.  Bring  an 
excited  roll  of  sealing  wax,  S,  near  to 
the  clapper  C ;  and  it  will  be  attracted 
to  it,  for  it  IS  a  light  unelectrified  body.  It  will  then  be 
diarged  with  electricity  of  the  same  kind  as  the  wax,  and 
win  consequently  be  repelled.  Being  an  excited  body  it  will 
approach  the  unelectrified  body  B,  and  commimicating  its 
electricity  will  be  repelled  and  remain  suspended  between 
the  two  electrified  substances. 

Take  an  excited  glass  rod  G  R,  fig.  60,  and  sealing  wax 
S  W,  and  place  them  in  such  situations  that  they  may  act 
Fig.  60.  upon  the  suspended  ball  B.     Let  us  sup- 

pose it  to  be  first  attracted  by  the  glass : — 
after  it  has  acquired  a  portion  of  its  elec- 
tricity, it  will  be  repelled,  and  as  electricities 
of  different  kinds  or  names  attract  each 
other,  it  will  then  be  drawn  to  the  sealing 
wax,  where  it  parts  with  the  electricity  first 
acquired  and  receives  that  of  the  other  kind, 
\V      which  causes  an  attraction  towards   the 
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excited  glass.  Thus  a  constant  oscillatory  motLon  is  pro- 
duced until  the  electricity  of  both  substances  is  entii^ 
carried  away,  and  the  ball  being  no  longer  acted  upon 
comes  to  rest. 


THE   ELECTRICAL   MACHINE. 


The  Electrical  Machine  is  an  instrument  employed  for  the 
development  of  electricity,  for  the  purpose  of  accumulation. 
The  celebrated  Otto  Guericke,  burgomaster  of  Magdebmg; 
invented  the  Electrical  Machine,  as  well  as  the  air-pmnp. 
Having  cast  a  globe  of  sulphur  in  a  glass  sphere;  he  broke 
the  glass,  which  was  not  then  known  to  be  an  electric,  and 
moimted  the  sulphur  on  an  axis.  Sir  Isaac  Newton  dis- 
covered the  fact  that  glass  is  capable  of  excitement  by  frte> 
tion,  and  Mr.  Hawksbee  used  a  glass  globe  in  the  constrac- 
tion  of  an  electrical  machine. 

Professor  Winkler  of  Leipzic,  applied  the  cushion  to  ex- 
cite the  glass  instead  of  the  hand.  Gordon,  a  Scotch  Bene- 
dictine monk,  used  a  glass  cylinder  in  place  of  a  gbbe. 
Even  at  this  time  the  mechanical  contrivances  by  which  the 
electrical  machine  was  made  to  revolve,  and  the  conductor 
was  attached  to  it,  were  exceedingly  rude.  Almost  every 
person  who  had  occasion  to  use  the  instrument,  added 
some  improvement,  suggested  by  the  inconvenience  he  felt 
We  are  indebted  to  Dr.  Ingenhouz  for  the  plate  machine, 
but  since  its  introduction  it  has  been  greatly  improved  by 
Cuthbertson,  Woodward,  and  others.    This  machine  is  now 
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IT  commonly  used  by  dectriciansy  and  is  genenlly  pre- 
ed^  because  a  kiger  sur&ce  is  subject  to  the  action  of  the 
bers  in  a  given  space  of  time,  than  in  the  cytindrical  ma- 
les. 

"he  Plate  Electrical  Machine  represented  at  the  com- 
icement  of  this  chapter,  consists  of  a  glass  disc,  which  is 
le  of  greater  or  less  diameter,  according  to  the  purpose 
ivhich  the  machine  is  required.  The  plate  is  so  fixed  in 
>oden  frame,  as  to  revolve  on  its  axis  by  turning  a  handle 
1  which  the  motion  is  conrnMinirated.  To  the  top  and 
cm  of  the  frame  a  pair  of  rubbers  is  attached,  and  the 
3  must  consequently  suffer  friction,  as  it  has  to  revohre 
reen  them.  To  each  rubber  a  piece  of  (nkd  silk  is  at- 
ed,  80  that  when  the  electricity  is  excited  upon  the  sur- 
of  the  glass,  it  may  not  be  conducted  away  by  the  air 
;li  impinges  on  the  plate,  but  be  carried  to  the  con- 
;ors,  which  are  furnished  with  points,  for  a  reason  we 
L  presently  have  occasion  to  explain.  The  conductors 
made  of  metal,  generally  of  brass,  and  from  them  the 
Ticity  may  be  conveyed  at  pleasure,  either  to  be  accumu- 
1  in  a  Leyden  jar,  or  to  act  immediately  on  any  sub- 
ce. 

a  electrical  machine  then  is  nothing  more  than  an  in- 
ment,  so  formed,  that  a  large  surface  of  an  electric  may 
xposed  to  friction,  and  the  electricity,  thus  developed  be 
ily  conveyed  away.  The  plate  machine  is  allowed  to  be 
best,  as  it  is  convenient  of  carriage,  even  when  of  a  large 
,  and  presents  a  considerable  surface.  This  instrument, 
ever,  is  constructed  in  various  ways,  according  to  the 
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fancy  of  the  instrument  maker,  or  the  purchaser ; 
we  shall  only  mention  one,  proposed  by  Mr.  Clark( 
seems  to  be  a  good  arrangement  for  small  instn 
G  G,  fig.  61,  is  a  glass  plate  fixed  between  two  i 
(one  of  which.  A,  is  shown  in  the  diagram,)  and  ma 
volve  by  the  handle  H.  R  is  the  rubber  enclosing  i 
portion  of  the  plate,  and  B  is  a  brass  ball  by  which 
ber  is  connected  with  the  Earth.  P  are  the  points 
ing  the  electricity  excited  by  the  rubber,  and  brouj 
one-fourth  of  the  plate  by  the  oiled  silk  O.  W  i 
connecting  the  points  with  the  conductor  C.  S  S  a 
rods  supporting  and  insulating  the  conductor  and 
The  whole  arrangement  is  supported  on  a  wooden  si 

Fig.  61. 


It  has  been  found  by  experiment  that  the  mac 
much  greater  energy  when  the  rubbers  are  covered 
amalgam.  The  amalgam  commonly  used,  is  formed 


weights  of  till  and  anc,  vibdi  nimi  nczec  tn*  fnf\twn^  an 

ghaken  in  a  wooden  box,  indi  ttsist  tbeir  ivcicn:  of  memir' 

till  the  couipound  is  cold.    Wben  ccmd  tiit  anuueaxL  »  ^^- 

dnced  to  powder  in  a  mortar,  and  mixed  wrnt  bstL.  «i  »  v. 

form  a  paste. 

Dr.  Thomson  leoommends  the  fuQcnrmp  imnianiuui^— 

^  Snc    .    .     .    h'i  yaru 

Thi      .    .    .    7-25 
Merany  .     .  37'9 
Soch  an  amalgam,  he  nrc,  k  s^  v^  rryftsaHitt,  vm  » 
euatf  made  fit  for  nse  by  ponndzng  is  ^  maruar.     TiJt  fuOk 
stated  in  the  prerioiis  remarks  mar  ber  reduced  to  the  foBcnr. 
ing  propoeitionB. 

1.  Every  sabstanoe  Bofferp  dectric  ezatemem  by  fnctkin, 
bat  the  worst  condoctors  are  the  best  electrics.  Thm  glaaic 
and  the  resins,  which  scarcely  conduct  at  all,  are  the  most 
susceptible  of  excitement,  and  the  metals  which  are  the  best 
conductors  are  the  worst  electrics. 

2.  The  electricity  of  bodies  so  differs  in  character,  that  many 
persons  have  believed  in  the  existence  of  two  electricities ;  one 
of  which  they  call  resinous,  the  other  vitreous ;  while  others 
have  considered  substances  to  give  off  a  positive,  or  a  nega- 
tive electricity,  according  to  circumstances;  a  supposition 
supported  by  many  curious  experiments,  and  especially  by  the 
&ct,  that  the  kind  of  electricity  obtained  from  any  substance 
will  be  regulated  by  the  character  of  the  body,  by  which  it 
is  rubbed.  It  matters  but  little  in  the  present  stage  of  our 
investigations  what  theory  we  may  adopt,  nor  indeed  is  it 
our  intention  to  enter  into  the  curious  inquiries  by  which 


theorists  have  endeavoured  to  support  their  peculiar  Hen, 
we  will  aBSume  tliat  there  is  an  agent,  and  as  many  thinks 
anhtle  fluid  residing  in  a  latent  state  as  a  comjKineDt  put  of 
all  Bubatancen,  and  called  electricitj'.  Everj'  body 
must,  therefore,  have  upon  this  supposition  one  state  in 
which  the  electricity  may  be  said  to  be  in  equihbrium.  By 
friction,  and  by  many  other  causes,  the  electric  equihbriuDi 
may  he  disturbed,  and  the  agent  set  free  from  its  combint- 
tion,  and  by  good  conductors  be  carried  away.  This  dii- 
turbed  electric  state  of  a  body  cannot,  however,  continiui 
fbr  there  is  a  never-ceasing  effort  between  all  particles  (i£ 
roatter  to  retain,  and  restore  when  disturbed,  the  tdeOBC 
equihbrium. 

The  question,  What  is  electridty  ?  has  never  been,  ud' 
perhaps  never  will  be  satisfactorily  answered.  Some  p«- 
Bons  have  imagined  it  a  fluid,  others  have  called  it  an  impon- 
derabk  body,  but  what  idea  is  attached  to  this  designadm 
we  cannot  possibly  imagine.  Professor  Ritchie's  remaAt 
on  this  subject  are  very  curious: — "The  electric  fluid  pOB- 
aeasEs  one  of  the  essential  properties  of  ponderable  mattei' 
When  a  body  is  put  in  motion  it  will  communicate  a  portion 
of  its  modon  to  other  matter,  but  nut  without  losing  a  cor* 
responding  quantity  of  its  own  motion.  Hence  agreeably  to 
the  experiments  of  Mr.  Faraday,  when  the  electricity  of  ok 
wire  is  forced  to  induce  electric  polarity  on  that  belon^nig 
to  another  wire,  the  momentum  of  the  first  suffers  a  corrw- 
ponding  reduction.  Again,  the  motion  of  the  electricity  of* 
^vire  towards  a  state  of  polarity,  will  continue  after  the  indoi!- 
ing  cause  has  been  removed,  thus  exhibiting  in  another  poinl 
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view,  the  same  property  of  ponderable  matter,  vix.  the 
srtia  of  matter,  or  in  this  case  its  tendency  to  continue  in 
jtion,  after  the  impulse  which  first  produced  the  motion 
s  ceased. 

**  If  these  views  be  correct,  we  have  no  right  to  expect  that 
dies,  at  different  temperatures,  or  differently  electrified  or 
ignetized,  will  have  different  weights,  since  in  each  of  these 
ites  they  contain  exactly  the  same  quantity  of  ponderable, 
pioperly  called  imponderable  matter. 
"  It  is  a  well  known  fact  that  we  receive  a  more  powerful 
ock  when  electricity  is  being  induced  on  the  body,  than 
len  the  induced  electricity  is  returning  to  its  natural  state 
lis  is  what  might  be  expected  from  considering  the  energy 
d  quantity  of  the  exciting  agents  employed,  these  being 
her  a  powerful  voltaic  battery,  or  the  immense  quantity  of 
Ktricity  put  in  rapid  motion  in  a  large  mass  of  soft  iron." 
Having  now  introduced  the  science  of  ordinary  electricity, 
id  explained  the  construction  of  the  machine  by  which  the 
BCtric  fluid  may  be  set  free,  in  a  state  fit  for  experiment, 
le  facts  which  have  been  ascertained  concerning  its  trans- 
rence,  accumulation,  and  independent  action  upon  matter, 
lay  be  considered. 


CONDUCTION   OF  ELECTRICITY. 

It  requires  no  argimient,  nor  any  experiments  in  addition 
)  those  already  mentioned,  to  prove  that  some  substances 
ransmit  electricity  more  readily  than  others.  But  it  is  not  an 
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easy  task  to  detennine  the  relative  conducting  power  of 
substances ;  for  those  which,  in  their  ordinary  combination 
with  other  elementary  principles,  are  most  permeable  to 
the  electric  fluid,  may  effectually  resist  its  progress,  when  in 
an  imcombined  and  pure  state.  There  is  an  order  in  which 
all  bodies  might  be  arranged,  beginning  with  the  substance 
most  permeable  to  the  electric  fluid,  and  terminating  with 
that  which  evinces  least  of  this  power ;  but  to  draw  a  hse 
of  demarcation,  or  to  say  this  series  comprises  the  conduol- 
ing,  and  this  the  non-conducting  bodies,  is  perfectly  inqws- 
sible.  Time  is  required  for  the  transmission  of  electrical 
influence  from  one  substance  to  another ; — in  some  instanoefl 
the  duration  may  be  measured,  in  others  it  cannot.  If  a 
bunch  of  metallic  threads  be  connected  with  the  conductor 
of  a  machine,  they  will  transmit  the  electricity  so  readily  that 
a  quadrant-electrometer,  in  contact  with  the  conductor  would 
not  give  evidence  of  the  presence  of  electricity.  But  if  glass 
threads  be  placed  under  the  same  circumstances,  they  vill 
gradually  exhibit  the  repulsion  which  always  exists  between 
bodies  similarly  electrified,  and  if  a  sudden  communication 
be  formed  with  the  ground,  they  will  as  slowly  collapse. 
Hence  then  it  would  appear  that  some  bodies  have  a  conduct- 
ing power,  inferior  to  others,  and  consequently  require  a 
longer  period  for  the  production  of  any  effect.  Many  elec- 
tricians have,  we  believe,  considered  the  phenomenon  of  elec- 
trical conduction,  as  though  it  developed  some  peculiarity  or 
election  in  the  fluid  itself,  rather  than  a  particular  state  of 
the  body  which  receives  the  electrical  influence.  "The 
only  difference  "  (between  conductors  and  non-conductors,) 
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fesflor  Ledie^  ''  consists  in  the  cderitjr  with  which 
;  is  produced^  and  were  conductors  properiy  cbssed, 
be  founds  in  the  descending  range,  that  the  yelocity 
lission  diminishes  by  insensible  shades."  We  can- 
rever,  altogether  coincide  with  this  view  of  electrical 
on ;  for  the  celerity  with  which  substances  transmit 
is  not  the  only  difference  between  conductors  and 
luctors,  there  are  some  substances  which  cannot 
to  ^ve  a  passage  to  electricity  through  any  consi- 
length,  there  is  in  fact  a  limit  to  their  conducting 

second  volume  of  TiUoch's  Magazine,  (1798,)  an 
}nt  is  described  by  Mr.  W.  Wood,  which,  he  thinks, 
le  permeability  of  glass  to  the  electricity  of  the  com- 
chine.  He  placed  one  of  Cavallo's  atmospherical 
eters  upon  a  glass  pedestal,  and  covered  it  with  a 
S8  receiver,  so  large,  that  there  was  a  space  of  two 
3tween  its  sides,  and  the  electrometer.  A  charged 
hen  brought  near  the  apparatus,  and  the  balls  in- 
iverged.  When  the  receiver  was  touched  with  the 
the  jar,  the  distance  between  the  balls  was  doubled, 

collapsed  as  soon  as  the  jar  was  removed. 
e  at  a  loss  to  know  how  this  experiment  can  be  con- 
is  a  proof  of  the  permeabihty  of  glass  to  electricity. 
*e  had  been  a  transmission  of  electricity,  the  pith 
ild  have  been  permanently  diverged  as  in  the  com- 
d  leaf  electroscope.  The  effect  is  evidently  to  be 
3  induction.    This  experiment  might  be  repeated. 
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and  when  the  effects  are  registered,  the  influence  of  a  streanr 
of  electricity  from  a  point  should  be  ascertained. 

The  magnitude  of  the  conductor  should  also  be  carefoDy 
observed,  for  according  to  Professor  Cummings'  expeii- 
ments,  this  has  a  great  influence  on  the  rate  of  transnus- 
sion. 

Many  attempts  have  been  made  to  ascertain  the  distance 
to  which  electricity  may  be  conveyed  by  good  conductors, 
and  the  time  required  in  transmission.    The  accumulated 
electricity  of  a  Leyden  battery  was  once  made  to  travers^ 
wire  four  miles  in  length ;  and  an  electric  shock  from  a  jt" 
was  at  another  time  passed  through  one  hundred  and  eighty 
of  the  French  guards  by  the  Abbe  Nollet  in  the  presence  of 
the  King.     At  the  Carthusian  convent,  in  Paris,  the  monks 
were  formed  into  a  line,  which  was  more  than  a  mile  in 
length,  each  person  being  sepaK  ^ed  from  his  neighbour  by 
an  iron  wire ;  but  all  the  persons  included  in  the  circuit  ap- 
peared to  feel  the  shock  at  the  same  moment.     From  these 
and  many  similar  experiments,  it  is  evident,  that  the  passage 
of  electricity  through  good  conductors  is  almost  instantane- 
ous, and  that  it  may  be  transmitted  to  any  distance,  provided 
the  conductor  itself  be  sufliciently  large  to  give  the  fluid  an 
easy  passage. 

Mr.  Talbot  proposed  some  time  since  the  following  me- 
thod of  determining  whether  any  appreciable  time  is  required 
in  the  passage  of  electricity  through  a  conductor.  "  Let  the 
greatest  length  of  wire,"  he  says,  "that  can  be  procured  be 
disposed  so,  that  the  two  extremities  are  brought  very  nearly 
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Let  one  end  of  the  wire  receive  the  spark  from 
ne,  and  the  other  end  give  it  out  again  to  any  body 
nmunicates  with  the  earth.  If  the  flashes  of  elec- 
on  entering  the  wire,  and  leaving  it  after  traversing 

length,  appear  simultaneous  to  the  eye,  take  a 
ounted  on  a  revolving  axis,  and  place  it  in  such  a 
hat  the  mirror  being  at  rest,  the  images  of  the  two 
ay  coincide  or  superpoise  one  another.  This  being 
St  the  observation  be  made  through  a  fixed  tube, 
le  combined  image  exactly  in  the  centre  of  the  tube ; 
he  mirror  be  made  to  revolve  with  great  speed,  if 
^ation  of  the  combined  sparks  into  two  take  place, 
a  proof  of  the  eidstence  of  an  interval  of  time  be- 


;m. 


if 


We  have  been  accustomed 
0  exhibit  the  instantaneous 
transmission  of  electricity  by 
the  momentary  effect  of  the 
light  which  is  produced  when 
it  passes  from  one  substance 
to  another,  through  an  indif- 
ferent conductor. 

In  fig.  62,  is  represented  an 
instrument  admirably  adapted 
for  the  exhibition  of  this  phe- 
nomenon, w  is  a  wheel  turned 
by  the  handle  h;  this  is  con- 
nected by  a  cord  with  a  mul- 
tiplying wheel  m.    Tothemul- 
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tiplying  wheel,  but  on  the  opposite  side  of  the  upright,  is 
attached  a  circular  board  on  which  the  Newtonian  cdoun 
are  painted.  The  rapid  rotation  it  receives  from  its  con- 
nection with  the  multiplying  wheel  causes  the  coloure  to 
blend,  and  the  surface  consequently  appears  white.  Bat 
if  during  the  rotation  a  small  jar  be  discharged  before  it,  or 
a  spark  be  produced  in  any  other  way,  the  whole  series  of 
colours  may  be  for  an  instant  observed. 

It  is  not  easy  to  explain  why  some  bodies  have  the  powar 
of  conducting  electricity,  and  others  resist  its  progress,  nor 
is  it  our  intention  to  describe  the  numerous  theories  which 
have  been  proposed  to  account  for  the  fact.  But  it  may  oot 
be  improper  to  allude  very  briefly  to  one  hypothesis  by  which 
it  may  be  accounted  for.  Every  substance  has  its  own  natural 
quantity  of  electricity,  which  it  retains  with  a  certain  tenacity, 
and  may,  therefore,  be  considered  as  resisting  the  entrance 
of  the  fluid  that  seeks  a  passage  through  it,  or  over  its  sur- 
face. Accumulated  electricity  must,  therefore,  have,  even 
under  the  most  favourable  circumstances,  a  force  to  over- 
come, before  it  can  obtain  a  passage  through  the  body  with 
which  it  is  brought  in  contact.  Now  it  is  possible  that  some 
substances  may  have  a  much  more  powerful  attraction  for 
their  natural  electricity  than  others,  and  if  this  be  the  case, 
the  attraction  of  some  may  be  sufficient  to  resist  the  influ- 
ence of  an  external  agent,  and  the  force  of  cohesion  be  over- 
come, rather  than  the  fixed  association  of  the  matter  with  its 
electricity. 

This  hypothesis  may  be  illustrated  by  one  experiment. 
Charge  the  conductor  of  an  electrical  machine,  and  bring 
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towards  it,  at  what  is  techmcally  called  a  striking  distance, 
I  brass  knob,  or  any  other  conducting  body,  and  the  fluid 
Rrin  escape  attended  by  a  snap  and  a  vivid  spark.  But  in 
nssing  through  the  conductor  of  the  machine,  or  the  ball 
□ad  the  body  of  the  person  who  holds  it,  no  such  pheno- 
nena  are  observed.  What,  it  may  be  asked,  is  the  cause  of 
his  diflTerence.  The  electricity  cannot  pass  from  the  prime 
onductor  to  any  body  beyond  it  without  traversing  a  stratum 
i  air,  which  is  more  or  less  a  bad  conductor,  according  to 
he  quantity  of  aqueous  vapour  it  may  contain.  Now  the 
ir,  by  the  terms  of  the  theory,  holds  its  natural  electricity 
nth  great  tenacity,  and  offers  considerable  resistance  to  the 
lassage  of  the  extraneous  fluid,  and  this  resistance  upon 
irinciples  to  be  hereafter  explained,  is  said  to  be  sufficient  to 
ccount  for  the  production  of  luminous  appearances. 

POINTS. 

The  experiment  just  mentioned  leads  us  at  once  to  speak 
\i  the  influence  of  points  in  the  conduction  of  electricity. 
Vhen  a  brass  ball  is  brought  near  to  the  charged  conductor 
»f  a  machine,  the  electricity  passes  from  one  to  the  other 
ttended  by  a  sudden  snap,  and  the  evolution  of  light,  but 
f  a  wire  of  the  same  metal  terminating  in  a  point,  be  brought 
nto  the  same  situation,  neither  of  these  effects  is  produced, 
he  electric  fluid  is  conducted  quietly  away,  and  the  only 
evidence  of  the  transmission  is,  that  if  the  experiment  be 
performed  in  a  dark  room,  a  small  brush  of  feeble  light  may 
3e  observed  at  the  point. 

z  2 


It  will  now  be  easy  to  explain  why  the  metallic  rods  a- 
tached  to  'buildings,  for  the  purpose  of  defending  them  ftoni 
the  effects  of  hghtning  are  aiways  made  to  temunate  in 
points.  Franklin  was  the  first  philosopher  who  ascertained, 
that  hghtning  was  an  effect  of  atmospheric  electricity,  ut 
agent  which,  according  to  our  present  infonaalion,  diSen 
in  no  particular  irom  that  obtained  hy  friction.  Haring 
made  this  important  discovery  by  raising  a  kite  into  the  air, 
eo  constructed,  as  to  draw  the  electricity  of  the  clouds  U>  tha 
earth ;  he  applied  his  discovery  to  the  construction  of  ■ 
lightning  conductor  by  which  the  presence  of  atmospbericil 
electricity  may  be  detected,  and  buildings  defended  from  ill 
destructive  effects.  From  facts  already  mentioned,  it  will  ba 
evident  that  in  the  construction  of  a  lightning  conductoi^ 
there  must  he  no  interruption  to  tiie  passage  of  the  electri- 
city,— or  in  other  words,  the  metallic  rod  must  pass  througb 
the  building  it  is  intended  to  protect,  and  enter  the  ground 
to  some  depth.  If  the  continuity  of  the  rod  be  any  when 
broken,  the  most  serious  results  nill  occur  when  electri- 
city attempts  lo  pass  through  it.  The  fluid  losing  its  con< 
ducting  substance  must  fly  to  that  body  which  offers  i 
the  most  ready  transit,  and  if  its  progress  should  be  re 
sisled,  will  tear  it  asunder.  There  are  many  pretty  eip» 
riraents  by  which  the  influence  of  points  may  be  exhiWle^ 
and  especially  those  iu  which  motion  is  obtmned.  Some  0 
these  we  may  mention. 

Let  two  thin  wires  aa,  bb,  fig.  63,  he  fixed  at  right  anglt 
each  other  in  a  central  cap,  and  let  all  the  four  aim 
1  points  bent  in  the  same  direction.     Place  tld 
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Fig.  63.  anrangemeiit  upon  a  stand,  the  lower 

part  being  formed  of  glass  for  insola- 
tion and  the  upper  of  metal  terminating 
in  a  point  on  which  the  cross  wires  are 
to  rotate.  Connect  the  apparatus  with 
the  conductor  of  an  electrical  machine, 
and  the  wires  will  of  course  receive  the 
free  ekctricitj ;  but  as  they  terminate  in 
points,  the  fluid  will  pass  from  them  as 
ily  as  it  is  received.  The  current  which  is  given  off  by 
point  meets,  however,  with  the  resistance  of  the  air,  and 


Fig.  64. 
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a  reaction  is  consequently  produced,  driving  the  whole 
arrangement  in  a  direction  opposite  to  that  of  the  electric 
current.  This  effect  may  be  exhibited  in  a  much  more  im- 
posing manner  by  the  apparatus  shown  in  fig.  64. 

The  same  principle  is  exhibited  in  the  electrical  incBned 
plane.  Two  wires  are  stretched  at  a  gentle  inclination  be- 
tween four  horizontal  glass  pillars.  Upon  these  rests  anotiher 
wire  having  balls  at  its  extremities,  and  carrying  in  its  centre  | 
and  at  right  angles  to  itself,  two  cross  wires  terminating  in 
points.  When  the  instrument  is  connected  with  the  chaiged 
conductor,  the  electricity  escapes  from  the  points,  causing 
the  cross  wires  to  roll  up  the  plane,  overcoming  the  force  of 
gravity. 

DISTRIBUTION. 


But  it  may  be  here  asked :  In  what  manner  is  the  free 
electricity  developed  by  friction  distributed  ?  Does  the  elec- 
tricity obtained  from  any  substance  depend  on  its  mass,  or 
merely  on  the  amount  of  surface  ? 

It  is  well  known  to  every  one  who  has  been  accustomed  to 
make  experiments  with  the  electrical  machine,  that  a  hollow 
cylinder  is  capable  of  receiving  and  developing  as  large  an 
amount  of  the  fluid  as  a  solid  of  the  same  size.  For  this 
reason  the  conductor  of  the  machine  is  always  made  hollow. 
By  mathematical  investigations.  Coulomb,  Poisson,  and 
Ivory,  have  ascertained  the  same  fact,  so  that  on  this  ques- 
tion experiment  and  analysis  agree.  We  may  therefore 
Conclude  that  the  free  electricity  is  not  developed  throughout 
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the  substance  of  a  charged  body,  and  another  question  now 
arises ; — ^Is  it  only  on  the  surface  ? 

Tlie  early  electricians  were  not  inattentive  to  this  enquiry. 
To  determine  the  question^  Watson  covered  the  siuf  ace  of  a 
metallic  rod  with  a  thin  coating  of  wax,  and  found  that  its 
xmducting  power  was  not  injured ;  from  which  he  concludes 
that  the  electricity  is  not  developed  on  the  surface  of  bodies. 
If.  le  Monnier  made  some  experiments  for  the  same  pur- 
[K)Be  about  the  same  time.  He  proved  that  bodies  of  equal 
nse  and  form,  one  being  solid,  and  the  other  the  thinnest 
XMsible  shell  of  the  same  material,  could  receive  the  same 
rhaige,  and  therefore  concludes  that,  if  the  electricity  be  not 
leveloped  on  the  surface,  it  must  be  so  near  that  we  may 
ipeak  of  it  as  residing  on  the  surface  of  bodies. 

CSoulomb  investigated  this  subject  with  great  care,  and 
proved  the  truth  of  M.  le  Monnier's  opinions.  He  took  an 
iUiptical  metallic  body,  and  cut  in  it  small  apertures  or  pits, 
xmie  of  them  half  an  inch  deep,  others  not  more  than  one- 
»nth  of  an  inch.  When  the  body  was  electrified,  he  intro- 
luced  a  small  instrument  which  he  calls  a  proof  plane  to 
lie  bottom  of  these  pits,  testing  the  electricity  by  a  torsion 
dectrometer.  The  proof  plane  consists  of  a  small  disc  of 
jold  paper  fastened  to  a  thin  cyKnder  of  gum  lac.  When 
ihe  disc  is  introduced  into  the  pit,  it  will  of  course  abstract 
ts  electricity,  the  presence  of  which  will  be  shown  by  bring- 
ng  it  to  the  electrometer.  The  experiments  that  were  made 
>y  Coulomb  with  this  instrument  decisively  proved  that 
jlectricity  was  only  distributed  over  the  surface  of  bodies, 
or  the  pits  were  not  in  an  electrified  state. 
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Biot  has  invented  two  very  interesting   experiraenta  U> 
JiHuatrale  this  fact.      Having  provided  himaelf  witb  a  epbe- 
\  roid  of  some  conducting  substance,  he  BUspended  it  by  a 
1  thread,  so  as  to  perfectly  insulate  it.     Over  thia  body  were 
I  fitted  two  pieces  of  gold  paper  or  tin  foil,  with  insulatil^ 
I  bandies  of  gum  lac,  both  being  movable,  and  yet  made  to  fit 
f  accurately.   Tbe  ball  was  then  electrified,  and  afterwards  the 
caps  were   carefully  applied.     Upon   their  removal  it  wns 
found  that  the  whole  of  the  electricity  had  been  abstracted 
from  tbe  sphcriud,  so  that  it  could  not  affect  the  moat  deli- 
cate electrometer,  while  the  two  caps  were  proved  to  poaseas 
aame  quantity  of  electricity  oa  had  been  first  conunuiii- 
cated  to  the  spheriod  iiaelf. 

Tie  same  fact  ia  proved  by  another  experiment, — aUghi 
tin  cylinder  was  supported  horizontally  on  glass  legs,  for  in- 
sulation, and  so  fixed  aa  to  be  easily  moved  round  by  a 
handle  at  one  end.  To  the  opposite  end  two  pith  balls  vere 
attached,  o|iening  when  the  cyUnder  was  electrified,  andct^ 
lapsing  as  the  fluid  was  disatpated.  Round  the  centre  of  tb« 
cyUnder  a  piece  of  tin  foil  waa  fixed  with  a  flap  which  couU 
be  wound  round  at  pleasure.  When  tbe  tin  foil  was  coiled  on 
the  cylinder,  and  the  inatrument  charged  with  electricity  lb( 
pith  balls  opened,  but  as  it  unwound  itself,  the  ballB  col- 
lapsed.  The  cause  of  this  waa  evidently  the  diaCribntion  of 
the  electricity  on  a  larger  surface; — that  presented  bythi 
Sap  of  tin  foil. 
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When  a  sabtrtance  is  charged  with  electricity,  hoverer 
highly  it  may  be  excited^  the  restoration  of  eqoilibrinm  is 
Mxm  effected — this  process  is  caDed  Dissipation.  Thus,  if 
we  charge  two  pith  balls  with  the  same  electricity,  taking 
care  to  ensure  a  perfect  insulation,  they  will  diverge,  but  in 
i  a  few  moments  they,  without  the  application  of  any  con- 
ducting body,  begin  to  collapse,  and  the  electricity  will  be 
entirely  lost. 

To  ascertain  the  various  causes  which  may  produce  the 
dissipation  of  electricity  is  of  the  greatest  importance,  as  giv- 
ing  an  opportunity  of  avoiding,  or  correcting  the  sources  of 
many  fiailures  in  our  dectrical  experiments.  The  electrical 
equilibrium  of  a  body  is  very  readily  disturbed,  but  it  is  as 
quickly  restored,  an  effect  that  may  be  attributed  to  one  or 
an  of  the  four  following  causes :  first,  the  imperfect  insulat- 
ing power  of  the  best  non-conductors ;  secondly,  the  depo  - 
ndon  of  moisture  on  the  insulating  body ;  thirdly,  the  con- 
tact of  successive  particles  of  air ;  and  lastly,  the  existence 
of  points  on  the  surface  of  the  excited  substance. 

The  difference  between  the  conducting  powers  of  sub- 
stances has  reference,  as  we  have  already  explained,  to  time ; 
there  are  some  which  give  it  an  instantaneous  passage,  and 
others  require  a  greater  or  less  duration.  No  substance  is 
so  perfectly  impermeable  to  the  electric  fluid,  but  it  may  after 
the  lapse  of  time  exercise  the  power  of  conduction.  The  dis- 
sipation under  ordinary  circumstances  is,  however,  to  be 
much  more  attributed  to  the  deposition  of  moisture  on  the 


insnlHliiig  body.  The  vapoiv  of  the  atmoaphNs 
I  densed,  and  forming  a  thin  coating  on  the  inBuIating^ 
I  a  very  ready  conduction  to  the  electric  fluid. 
«11  the  failures  to  which  electricians  are  auhject  in  public 
theatres,  may  he  traced  to  this  cause,  and  there  is  no  rneani 
of  entirely  preventing  It,  although  a  coating  (if  gum  is  tomi 
o  he  of  some  sen-ice.  The  difficulty  of  making  a  succesaM 
leries  ofexperimentshefore  a  large  audience  may  be  imagined 
rom  the  appearance  frequently  presented  on  the  glass  of 
I  windows  hy  the  condensation  of  the  vaiwur  upon  them, 
same  process  is  of  course  effected  on  all  the  vitreoui 
bodies  used  for  insulation  in  electrical  apparatus. 

The  condnued  contact  of  particles  of  air,  must  also  be  ■ 
means  of  discharging  the  electricity  of  excited  bodies.  It  ii 
one  of  the  first  principles  of  the  science  that  an  exdted  sab- 
stance  attracts  to  itself  all  the  light  unelectrified  bodies  arouiid 
it,  and  that  it  commnnicates  to  them  the  same  state  of  elec- 
tricity, by  which  repulsion  is  occasioned.  This  effect  mnil 
be  produced  ujion  the  particles  of  air,  whicb  are  severaDr 
attracted  to  the  excited  electric  or  conductor,  and  after  h- 
ceiving  the  charge  are  repelled,  giving  room  for  the  conUd 
of  other  particles.  The  atmosphere  may,  therefore,  be  po- 
perly  called  a  slow,  but  constant  discharger  of  electridq'. 

The  great  readiness  with  which  electricity  is  carried  ainyi 
by  points,  is  proved  hy  the  exjieriments  already  desaibed- 
If  such  points  should  exist  upon  any  substance,  it  trill  b( 
impossible  to  give  it  a  permanent  charge ;  or  if  they  ahonW 
be  few  in  comparison  to  the  siae  of  the  body,  the  charge  KfiH 
be  small  and  soon  expended.     In  this  way  dust  prevents  tbt 
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accnninlatinn  cf  cfettebeity.  Epbtj  <]iib -aroo  s  icenMnmBiL 
to  Tpedoam  cIhIi kil  rnjwiiiiinmfc..  mmc  kzunr  tiiac  inifc  s 
not  Imb  adiwv  Aib  ■riimiim  in.  anmnmur  ais  acoun.  ji  im 
appantoi. 

Theie  lev  pnctkal  o&oerTscUiiu  on  ms  ooiies  it  rnaHpft- 
tioiiy  win  it  m  ho|icd  be  rf  aoms  ose  aa  die  jnnntE  tfieetncan. 
as  warning  him  o£  duac  cunws  incMC  iikeiy  'a}  >xasruiire  oia 
experimoiti^  and  prcfcnc  die  cesulta  le  Tnniii  fidusrwiw 
obtain. 


Hitherto  we  haswt  cooAkred  the  eiectrieal  states  of  botSes, 
aa  aflfertwl  bj  onij  two  canacs,  exacement  and  ei}ndiii:Qim, 
but  there  is  ancithfr  daaa  of  phenoniena  arisour  firom  an 
agency  called  inrfnctfoB,  This  ia  a  subject  of  the  gmtest 
importance ;  one  viuch  must  be  tfaoroGbnily  cmdentood  be- 
fine  it  win  be  poaszble  to  mresd^ate  many-  of  the  moat  in- 
teteating  faranchea  (^  electrical  adence. 

When  a  substance  is  charged  with  electricity,  or  has  its 
dectrical  condition  disturbed,  it  will  produce  an  opposite 
dflctrical  state  in  that  portkm  of  a  body  which  is  brought 
near  it,  supposing  there  is  no  positive  contact  Thus  if  we 
bring  a  positively  electrified  substance  near  to  one  in  its 
natural  state,  that  earhce  which  is  nearest  to  the  excited 
body,  will  be  negatively  electrified,  and  of  course  that  most 
distant  will  be  in  an  opposite  condition,  that  is,  in  the  same 
state  as  the  electric.  This  hci  may  be  proved  in  the  foUow- 
ing  manner. 
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Let  B,  fig.  65,  be  any  substance  charged  witb  positive 
electricity,  a  metallic  globe  for  instance  properly  insulated, 
and  N  P  a  metallic  cylinder  (supported  on  a  glass  rod,)  to 
which  pith  balls  are  suspended,  and  by  their  action  evidenee 
is  given  of  the  electrified  state.  As  soon  as  the  cylinder  is 
brought  near  the  excited  globe,  the  pith  balls  will  diverge, 
the  divergence  decreasing  from  the  two  extremities  towards 
the  centre.  By  testing  the  electricity  of  the  balls,  it  will  be 
discovered  that  those  nearest  the  excited  body  are  negative, 
and  those  most  distant  positive. 

Fii?.  65. 


:> 
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To  prove  that  the  effect  is  altogether  independent  of  con- 
duction, a  non-conducting  substance  may  be  brought  between 
the  excited  globe  and  the  cylinder,  and  the  same  pheno- 
mena will  be  developed.  Let  the  conductor  of  an  electrical 
machine  be  excited,  and  the  metallic  cylinder  with  its  pitb 
ball  electroscopes  be  placed  near  it,  the  divergence  ahead) 
spoken  of  will  be  produced.  If  a  plate  of  glass  be  now  in- 
troduced between  the  electric  and  the  cyUnder,  no  alteratioi 
in  the  state  of  the  pith  balls  will  be  perceptible. 

We  may  also  show  by  experiment  the  influence  of  induce( 
electricity  upon  an  excited  body.  Take  a  metallic  globe 
which  is  famished  with  electroscopes  on  its  opposite  sur 
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foces,  insulate  and  charge  it.  The  eleetridty  win  M  wantt 
he  equally  distributed  orer  the  whole  sorfbre,  ami  thm  ttUut^ 
troecopes  win  direrge  equally.  Bat  hrinif  near  to  it  a.  ^^m^ 
ducting  body,  and  the  balla  most  distant  from  that  body  wUl 
begin  to  coDiqwe^  while  those  nearest  to  it  will  divcrjjM  «&a 
more»  thus  showing  ezperimentally  diat  the  ^Ittftrjocf  wtHSftn 
diange  by  the  approzimation  of  the  condnittinilf  ^^yly.  (a 
this,  and  in  all  other  experiments  before  mentioaed,  thtm  lu^ 
been  no  positire  transfer ;  as  will  be  evident  by  reiw/rm^ 
the  charged  body,  which  will  instantly  cause  the  bafls  Up 
present  the  same  appearance  as  they  had  be£r/re  it  was 
brought  into  proximity  with  the  conductor. 

The  most  important  application  of  the  principle  of  mdtu> 
tion  is  in  the  accumulation  of  electricity,  a  nhjtet  to  which 
we  must  now  direct  the  attention  of  the  reader. 

Let  two  metallic  discs  be  placed  one  abore  the  other,  and 
sqiarated  by  some  non-conducting  mbstance,  as  a  stratum  (A 
air,  or  a  glass  plate.  Let  the  upper  plate  be  connected  with  the 
prime  conductor  of  the  machine,  and  the  lower  be  insulated  liy 
being  placed  on  a  stool  with  glass  legs.  Charge  the  plate 
that  is  in  contact  with  the  conductor  of  the  machine.  On  the 
principle  of  induction  the  electricity  contained  in  the  lower 
plate  will  be  repelled  by  that  commimicated  to  the  upper, 
and  will  quit  the  higher  surface,  and  take  to  the  lower.  But 
now  establish  a  connection  between  the  lower  plate  and  the 
ground,  and  all  the  accumulated  fluid  in  the  lower  smf  ace  of 
the  plate  will  be  conducted  away,  and  the  whole  plate  become 
negative.  A  larger  quantity  of  electricity  is  now  collected  by 
the  upper  plate,  as  may  be  proved  by  placing  a  quadrant 
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electrometer  on  the  prime  conductor,  for  as  soon  as  the  lower 
plate  is  made  to  communicate  with  the  ground  by  means  of 
the  wire,  it  falls,  showing  that  the  electricity  of  the  pnme 
conductor  is  decreased.  The  electrifying  machine  being  pot 
into  action,  the  electrometer  is  again  raised.  Henoe  then  it 
will  appear  that  electricity  may  be  accumulated  by  indne- 
tion. 

Electricity  may  be  more  conyeniently  collected  by  uoog 
a  glass  plate,  coated  on  each  side  with  tinfoil ;  but  in  per- 
forming this  experiment  it  is  necessary  to  leave  a  margiB 
of  the  glass  uncovered,  so  as  to  prevent  any  transfer  of  die 
fluid  from  one  side  to  the  other.  The  principle  of  action  in 
this  experiment  is  the  same  as  that  already  described.  One 
8urfiEu;e  is  connected  with  the  earth,  the  other  is  bwiught 
near  to  an  excited  body  from  which  it  receives  its  changed 
electric  state. 

But  although  we  may  very  easily  exhibit  all  the  pheno- 
mena of  induction  by  a  plate  partly  covered  on  both  sides 
with  tin  foil,  a  jar  or  cylinder  is  a  still  more  convenient  fonn 
and  especially  when  it  is  necessary  to  accumulate  the  electri- 
city in  large  quantities,  or  to  have  the  same  agent  in  a  state 
of  great  intensity.  A  glass  vessel  thus  prepared  is  called  a 
Leyden  jar,  because  first  used  by  Kleish  and  others,  who  re- 
sided at  Leyden.  As  commonly  constructed,  it  consists  dz 
glass  jar  coated  on  its  exterior  and  interior  surfaces,  a  suffi- 
cient space  at  the  upper  part  or  Up  being  left  to  prevent  a 
spontaneous  discharge,  which  might  happen,  if  the  surbceB 
were  not  separated  by  a  sufficient  interval.  The  chaige  of 
electricity  is  conveyed  to  the  interior  by  means  of  a  brass 
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rodytooneeiidof  wlndiu  affbced  a  diain  tofidiiiig^  the  in- 
torior  coatmg,  and  to  the  otba  a  metallic  balL  The  onter 
coatiiig  is  made  to  comiuHnicate  with  the  groimd,  for  with- 
out this  ptecaotioii  the  pr  conld  not  be  charged,  as  may  he 
{MTOved  by  connecting  the  jar,  when  placed  on  an  myiiat^niy 
stand,  with  an  excited  condnctor.  Bat  when  the  jar  is  thiu 
insulated,  bring  the  knuckle  to  the  exterior  coating;  the  in- 
tenor  being  in  connection  widi  die  machine,  and  a  anccen- 
flkm  of  sparks  wiQ  be  obtained  in  the  iiame  manner  as  be- 
tween the  ban  of  the  interior  coating  and  the  condnctor  of 
the  machine. 

But  if  instead  of  touching  die  exterior  coating,  we  bring 
die  knob  of  a  second  jar  into  contact  with  it,  die  exterior  of 
the  second  jar  being  connected  widi  die  groand,  then  the 
mterior  coating  of  the  second  will  be  charged  with  diat 
driven  off  firom  the  exterior  coating  of  the  first.  In  this  way 
any  number  of  jars  may  be  charged,  if  they  be  only  inso- 
lated;  die  exterior  coadng  of  the  last  jar  havinga  communi- 
cation with  the  ground.  This  communication  with  the 
ground  may  also  be  made,  by  holding  the  jar  in  the  hand, 
for  die  human  body  is  a  conductor. 

To  discharge  a  jar,  or  in  other  words  to  restore  electric 
equilibrium,  it  is  only  necessary  to  unite  the  two  unequally 
dectrified  surfaces.  For  the  purpose  of  makiiig  this  commu- 
nication between  the  two  surfaces  of  any  body,  that  has  its 
electric  condition  disturbed,  an  instrument,  called  the  dis- 
charging rod,  fig.  66y  is  generally  used.  It  consists  of  a  bent 
wire  fixed  in  a  glass  handle,  like  a  pair  of  compasses,  each 
end  being  furnished  with  a  brass  knob.    When  one  knob  is 
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made  to  communicate  with  one  side  of  an  dectrified  bodf, 
and  the  other  with  the  opposite  side,  the  positive  electridtf 
rushes  towards  the  negative^  and  re-establishes  the  equili- 
brium. 

Fig.  66. 


n^ 


The  following  facts  and  experiments  will  still  fiirtiher  ilh»- 
trate  the  principle  and  action  of  the  Leyden  jar. 

1 .  The  exterior  and  interior  coatings  are  oppositely  dec- 
Fig.  67.  trified ;  if  the  interior  be  positive^  the 
Q  Vr  c^erior  must  be  negative,  and  the  re- 
verse. This  fact  is  obvious,  from  the 
remarks  that  have  already  been  made 
upon  the  principle  of  accumulation 
by  induction.  But  to  prove  the  fact 
by  experiment,  attach  to  the  outside 
coating  of  a  Leyden  jar,  ^g,  67,  a  me- 
tallic band  and  a  vertical  wire,  rising 
to  the  height  of  the  wire  that  passes 
nto  the  interior,  and  furnish  the  end  with  a  knob.  If  the  jar 
be  now  charged,  and  insulated,  a  pith  ball  or  bird,  brought 
between  the  two  knobs,  will  begin  a  vibratory  motion,  being 
alternately  attracted  by  each,  until  the  jar  is  entirdy  dis- 
charged. 

2.  The  charge  communicated  to  a  jar  will  greatly  depend 
upon  its  thickness,  for  the  induction  decreases  as  the  dis- 
tance between  the  two  bodies  or  surfaces  increases.    Hence 
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it  18  that  a  diick  jar  will  never  receive  lo  good  a  charge  as  a 
thin  one. 

3.  The  presence  of  the  coatings  is  not  absolutely  neces- 
sary for  the  charge  or  discharge  of  the  surfaces.  Let  as  for 
instance  charge  a  jar  with  moreable  coatings, — remore  the 
coatings^  and  the  jar  may  be  gradually  discharged  by  sncces- 
Kvely  forming  the  contact  between  the  surfaces;  but  as  there 
is  no  common  medium  for  the  simultaneous  transference  of 
the  electricity  of  the  different  parts  of  the  surfaces,  it  cannot 
be  discharged  at  once.  That  the  coating  acts  in  no  other 
manner  than  as  a  conductor,  may  be  readily  proved  by 
cfaarging  a  jar  with  one  pair  of  moveable  coatings,  and  then 
removing  them  and  substituting  others.  If  the  two  surfaces 
be  connected  by  a  discharging  rod  when  this  has  been  done, 
it  win  be  found  that  the  glass  retained  the  fluid,  when 
ihe  coating  was  removed,  and  that  but  little  of  the  charge 
was  lost  by  the  experiment. 

But  ajar  may  also  be  charged  without  coatings.  Holding 
it  by  its  exterior  surface,  pass  the  interior  before  a  ball  con- 
nected with  the  prime  conductor  of  the  machine,  so  that 
every  part  may  be  in  a  situation  to  receive  the  fluid.  Then 
apply  the  coatings,  and  the  jar  may  be  discharged. 

In  the  use  of  the  Leyden  jar  great  care  must  be  taken  to 
avoid  a  spontaneous  discharge.  There  are  two  things  which 
render  this  not  only  possible  but  probable. 

We  have  stated  that  a  thin  jar  is  capable  of  receiving  a 
better  charge  than  a  thick  one.  But  there  is  a  limit  to  this 
rule,  for  no  substance  is  so  bad  a  conductor  of  electricity  as 
to  be  incapable  of  transmitting  it  for  a  short  distance.    It 
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does  sometimes  bappen  that  a  jar  receives  a  higher  charge 
than  it  can  bear,  and  the  electricity  forces  far  itself  a  paeeage 
through  the  substance  of  the  glase. 

When  the  charge  is  great  the  electricity  may  pass  ronnd 
the  edges  of  the  glass,  from  one  coaling  to  the  othor, 
the  liabihty  to  which  is  increased  by  the  deposition  of  mois- 
ture on  the  jar,  which  estabUshes  a  ready  conduction. 
The  latter  must  be  carefully  avoided,  and  it  will  be  best  doni 
by  covering  the  uncoated  part  of  the  glass  ivith  a  layer  »/ 
sealing  wax  or  resinous  varnish. 

By  uniting  a  number  of  jars  electricity  may  be  accum 
tated  with  an  intensity  proportionate  to  the  number  of  ve 
selsand  the  square  feet  in  each  jar.  Such  a  series  is  called  i 
electrical  battery.     To  form  a  battery  it  is  only  necessary 
establish  a  communication  by  metal  rods  between  the  interior 
coatings,   and  to  connect  the  exterior  by  placing  them 
box,  the  bottom  of  which  is  covered  with  tin-foil  or  s 
other  conductor.     With  such  an  apparatus  we  possess 
power  of  accumulating  a  most  destructive  agent,  and  § 
care  is  therefore  required  in  its  use. 


Mr.  Snow  Harris  introduced  a  modification  of  the  hejiia 
jar,  which  he  considers  very  preferable  to  any  other  kind. 
A  glass  jar,  a  6,  fig.  68,  has  in  this,  as  in  all  otbercases,  bodi 
the  exterior  and  interior  surfaces,  covered  with  tin  (oil 
to  a  certain  height,    'llie  jar  is  made  without  a  cover,  auii 
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I  charge  n  commnnkated  to  tbe 
Kg:  68.  *"t«  /?  *  ' 


mtoior  bj  >  copper 
r>  die  nppcT  end  of 
wliicb  ■  ball  of  biked  wood  / 
iB  Bttacbed.  At  the  bottom  of 
the  glaaa  ii  fixed  a  convenient 
foot  coTCFed  vith  paper,  and 
thnnigli  tliu  the  rod  u  pinnrH  and 
bronght  into  contact  with  the  tin 
6nL  The  foot  is  intended  to  keep 
the  tube  in  its  place. 

"  These  jars,"  rays  Hr.  Harris, 

"  when  emplo  jed  either  sepaialelj 

or  eollet^vely,  are   placed  on  a 

coodncting   base,    sogtained    bj 

diort  colnnmi  of  glasi,  or  tome 

other  insolating  Bubstonce,  so  that 

1  whole  can  be  insulated  when  required ;  and,  for  the 

ipoee  of  allowing  them  to  be  chafed  and  discharged 

th  precision ;  they  are  connected  with  what  may  be  etat- 


rhe  first  of  these  consists  of  a  brass  ball  a,  fig.  69,  whicb 
les  with  friction  on  a  metallic  rod  eb,  bo  as  to  admit  of 
being  adjusted  to  any  required  altitude.  It  has  a  number 
small  boles  drilled  in  its  circtunference,  for  receiving  the 
ints  of  the  connecting  rods  of  the  jars.  The  rod  which 
itaina  this  baD,  is  either  insulated  on  a  separate  foot,  and 
onected  with  the  cooductor  of  the  machine,  or  is  otherwise 
wrted  directly  into  it.  The  second  centre  consists  of  a 
■ge  hall  of  metal,  attached  to  a  firm  foot,  and  placed  on 
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Fig.  69. 


the  same  conducting  base  as  the  jars^  so  as  to  have  perfect 
connexion  with  it/' 

In  a  paper  recently  read  before  the  Elec- 
trical Society^  Mr.  Sturgeon  explains  the 
manner  in  which  he  has  been  for  a  long 
time^  accustomed  to  coat  his  jars.    In  dis- 
charging jars  fuUy  electrified,  accidents  fre- 
quently happen  and  the  glass  is  cracked. 
The   trouble  and  expense  resulting  from 
this  induced  him  to  make  a  few  experiments 
to  determine  the  cause,  and  if  posableto 
provide  a  remedy.      He  soon  foimd  that 
the  cracks  were  generally  produced  on  or 
near  the  edge  of  the  tin  foil.     But  without 
tracing  the  experimental  course  he  adopted, 
it  may  be  sufficient  to   state   that  small 
pieces  or  bands  of  tin  foil,  carried  from 
the  edge  of  the  inner  coating  to  the  cover, 
which  is  on  the  inner  surface  lined  with  the 
same  metal,  has  been  found  sufficient  to  prevent  the  misduef. 
From  this  statement,  therefore,  it  would  appear  that  if  the 
whole  of  the  interior  of  a  jar  be  coated,  a  sufficient  strikiog 
distance  between  the  positive  and  negative  surfaces  being 
preserved,  the  glass  will  be  less  likely  to  break  from  the  sud- 
denness of  the  discharge,  than  when  constructed  in  the  usual 
way. 
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We  shall  now  dose  our  remarks  on  the  induction  and 
icumulation  of  electricity  by  a  short  account  of  the  elec- 
ophorus^  one  of  the  most  ingenious  and  useful  electrical 

instruments  ever  invented.    H,  ^,  70,  is 
a  glass  handle  fastened  to  a  metallic  plate 
A,  which  is  called  the  cover,  B  is  a  metallic 
dish,  into  which  is  poured,  when  in  aUquid 
state,  a  compound,  consisting  of  equal  parts 
of  shell-lac,  resin,  and  Venice  turpentine. 
To  put  the  instrument  in  action  rub  the 
iwer  or  resinous  plate,  with  a  piece  of  dry  fur  or  cat's 
dn,  and  it  will  be  electrified  negatively.    Now  bring  the 
ther  plate  upon  it,  and  when  in  that  position  touch  the 
pper  surface  with  the  finger.     If  the  metallic  plate  be  then 
emoved,  and  a  brass  ball  or  the  hand  of  the  experimenter 
le  brought  near  it,  a  spark  will  be  observed.  When  the  me- 
adlic  plate  is  again  brought  to  the  resin  and  touched  in  the 
ame  manner,  a  similar  effect  will  be  produced,  and  this  may 
le  repeated  many  times.     Hence  then  it  must  appear  that 
he  effect  is  not  produced  by  conduction,  for  if  it  were  the 
lectricity  of  the  resinous  substance  would  be  soon  ex- 
lausted,  and  as  the  upper  plate  must  be  connected  with  the 
p^und,  either  by  the  finger  or  otherwise,  it  must  appear 
Drobable  that  some  effect  is  produced  on  the  metal  by  prox- 
mity  to  the  excited  body.    This  is  really  the  case,  the  effect 
may  be  accounted  for  on  the  principles  of  induction,  explained 
in  the  first  part  of  this  section. 
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There  are  few  instruments  more  generally  useful  than  the 
Electrophorus.  It  will  continue  in  a  state  of  ezcitemeiit 
for  months^  and  even  years,  and  if  in  an  unexcited  state  may 
be  soon  put  in  action.  To  the  chemist  it  is  invaluaUe,  m 
a£fording  a  ready  means  of  detonating  gases,  and  peifonniog 
other  experiments.  It  may  also  sometimes  supply  the  place 
of  an  electrical  machine,  for  with  it  Leyden  jars  maybe 
charged,  and  nearly  all  the  ordinary  experiments  are  conse- 
quently under  the  control  of  a  person  who  has  only  an  elec- 
trophorus as  a  source  of  electricity. 

The  sketch  we  have  given  of  the  principles  of  electrical  in- 
duction, and  of  the  method  by  which  the  fluid  may  be  accu- 
mulated, will,  it  is  hoped,  be  sufficient  to  direct  the  student 
in  his  investigations.  Our  aim  has  not  been  to  introduce 
new  enquiries,  but,  to  explain  those  which  are  known  to 
electricians,  and  universally  acknowledged  as  the  elements 
of  this*  important  branch  of  philosophical  knowledge. 


ELECTROSCOPES    AND   ELECTROMETERS. 

We  must  now  proceed  to  the  explanation  of  some  of  the 
most  important  instruments  employed  by  electricians  for  de- 
tecting the  presence,  ascertaining  the  character,  and  measur- 
ing the  intensity  of  ordinary  electricity.  Those  instruments 
which  merely  indicate  the  presence  of  electricity,  and  offer 
an  opportunity  of  detecting  its  character,  are  called  electro- 
scopes, those  which  measure  its  intensity  are  called  electro- 
meters. 
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its  construction.  To  a  large  cork  ball  a  pair  of  small  pidi 
balls  are  suspended  by  a  very  fine  sUk  thread.  The  oark 
baU  is  attached  to  one  end  of  a  glass  tube,  and  the  other  end 
of  the  tube  is  so  fitted  to  a  wooden  rod  coated  with  sealing 
wax,  as  to  be  removed  at  pleasure  for  the  convenience  of 
transit.  A  fine  metallic  thread  is  also  attached  to  the  cork 
ball,  which  gives  the  instrument  the  appearance  of  a  fish- 
ing rod;  this  thread  however  is  not  fixed  to  the  cork, 
but  the  end  is  pushed  into  it,  and  may  be  drawn  away  at 
pleasure.  The  object  of  the  instrument  is  to  detect  the  elec- 
trical state  of  any  atmosphere, — for  instance,  the  atmosphere 
of  a  crowded  room.  The  wire  being  fixed  in  the  cork  baD 
the  electroscope  is  introduced  from  an  adjoining  apartment. 
So  long  as  the  metallic  string  is  held  in  the  hand,  the  balls 
cannot  receive  any  permanent  electrical  change,  as  the  fluid 
is  carried  away  to  the  body  of  the  experimenter.  By  a  slight 
pull  the  metallic  thread  is  separated  from  the  ball,  and  the 
electroscope  is  insulated ;  and  by  the  effects  of  excited  wax 
or  glass  upon  it  the  electricity  of  the  atmosphere  is  deter- 
mined. 


Henley's  quadrant  electrometer. 


No  electrometer  is  more  generally  useful  than  that  in- 
vented by  Mr.  Henley,  and  called  by  his  name.  It  is  repre- 
sented in  fig.  71.  AD  is  a  wooden  upright  made  very 
smooth,  and  generally  polished.  B  is  an  ivory  semicircle, 
the  lower  quadrant  being  divided  into  ninety  equal  parts  or 
degrees.    To  the  point  C,  which  is  the  centre  of  the  semi- 
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$  a  thin  piece  of  cane  h  illiihul,  opdble  «f 
d  the  graduated  arc    To  the  ovi  oT  tb  <»«  a  yM 
Fig.  71.  baUjiiafized.   ^Tlli  al  iki i  n  Mi  ■■  i ■< 

no  T«7  eztOMnne  OMne  -/  ^w^tinmrnUt 
can  be  peifaiued,  aal  ve  tiol  Vnt^ra- 
plain  its  aetioD  bf  •mp^.mgr  Jt  t^  W 
attadied  to  a  Lcfdea  |v,  Tbe  aotmjf 
coating  and  dM  OfnidM  A  I>^  Vmf  jm 
condocting  cQnimw  ttjotOfm,  ^  aMtnp 
ment  itadf  flBQ«t  t^  dtargeil  vidb  Ifci; 
same  deetiidtT  an  tike  Lerden  jar.  IfUm 
be  true  dM  pith  baO  f^  and  tbe  aliek 
AD,  win  be  nmilarty  dectrifed^  and 
3it  the  phenomenon  of  icpali»» ;  the  arm  Cp  tmnff  m 
ortion  to  the  intenaitf  of  the  aeamialated 
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le  Gold-Leaf  Electroscope,  fig.  72,  in  an  exceeding^  de« 
3  and  asefiil  instniment.  That  arrangonent  of  it  repfe' 
3d  in  the  diagram  is  made  by  Mr.  Clarice  of  the  LowUier 
ide.  It  acts  upon  precisely  the  same  prindple  as  the  |nth 
electroscope  of  Cavallo,  but  is  far  more  delicate,  and 
id  to  the  examination  of  electricity  of  the  lowest  inten- 
However  weak  may  be  the  disturbance,  it  is  sufficient 
etect  the  change  of  state,  and  especially  so  when  oon- 
cted  in  the  manner  represented  in  the  accompanying 
re.  G  is  a  glass  globe  fixed  at  one  end  to  a  stand  S.  On 


the  opposite  end  ia  fitted  a  cap  with  an  aperture  throti^ 
which  die  tube  t  paasea.  ,B  Ih  a  metallic  plate  with  which 
the  glass  tube  (  is  connected.  From  the  metallic  plate  ie 
carried  a  wire  having  at  its  termination  two  slips  p  n,  of  gdd- 
leaf.  A  B  represent  the  condensing  plates.  The  ^paratni 
is  fixed  upon  a  mahogany  stand,  and  one  arm  of  the  con- 
denser is  so  attached  that  it  may  be  brought  at  pleanue 
nearer  to,  or  farther  from,  the  plate  fixed  to  the  electro- 
Pig.  72. 


We  have  frequently  had  occasion  t«  use,  in  an  extensin    < 
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nurse  of  eaqieriments,  gold-leaf  eiectrotcopet ;  but  none 
ire  been  so  ddicate  as  that  constmcled  by  Mr.  Choke,  In 
sarly  all  arrangements  of  this  sort  too  modi  brass  work  is 
itroduced  in  the  cap,  dissipating  the  ihiidy  and  in  many 
ises  absolutely  destroying  the  tifecL 


HARBIS'S   BLECTBOMBTEB. 


Fig.  73. 
a 


We  may  here  mention  an  exceedingly  nsefal  electrometer^ 
ivented  by  Mr.  Harris  to  measure  the  eSeet  of  a  giren  ae- 
imulation.  The  instnunent  is  rery  simple,  and  is  in  Unti 
ttle  more  than  an  air  thermometer  with  a  metallic  wire 

passed  through  the  bulb.  It  is  npn- 
sented  in  fig.  73 :  abe'w  a  g^ass  tube, 
the  interior  diameter  of  which  is  about 
one4enth  of  an  inch,  bent  at  one  end, 
and  attached  to  a  g^ass  bulb  about  three 
inches  in  diameter.  The  tube  terminates 
in  a  cup  e,  into  which  some  colouied 
spirit  is  placed :  m »  is  a  wire  passing 
through  the  centre  of  a  bulb. 

The  following  method  of  fijdng  it  was 
adopted  by  Mr.  Harris : — "  two  fianches 
of  brass,  with  projecting  screws  and 
shoulders,  are  cemented  in  and  over  the 
holes  drilled  in  the  glass,  the  wire  is 
passed  directly  through  the  bulb  by 
means  of  corresponding  holes  in  these 


I 


364  Harris's  electrometer. 


flanches,  and  being  gently  put  on  the  stretchy  is  secured 
by  short  metallic  or  wood  pegs  by  which  it  is  slightly 
compressed,  and  retained  in  its  situation.  Both  the  pegs 
and  extremities  of  the  wire  project  a  little  for  the  con- 
renience  of  removal,  and  thus  wires  of  various  kinds, 
and  of  different  diameters,  may  be  easily  substituted.  The 
whole  is  rendered  air  tight  by  means  of  small  balls  of  brass, 
which  are  made  flat  at  one  extremity,  and  screwed  on  the 
projecting  parts  of  the  flanches  against  a  collar  of  leather." 
The  vertical  part  a  6  of  the  glass  tube  is  supported  by  a 
graduated  scale  attached  to  a  convenient  base.  The  fluid 
is  so  adjusted  that  it  may  rise  to  exactly  the  lowe£t  gra- 
duation on  the  scale  which  is  called  zero.  When  accu- 
mulated electricity  is  passed  through  the  wire,  the  air 
in  the  bulb  is  acted  upon,  and  the  liquid  is  forced  up  the 
*  tube.  The  force  of  the  explosion  is  estimated  by  the  effect 
produced  on  the  Uquid,  and  this  method  of  determining,  as 
the  inventor  has  stated,  the  effects  of  electrical  explosions  by 
their  actions  on  metals,  is  much  to  be  preferred  to  that  in 
which  the  fusion  of  metallic  wires,  is  made  the  means  of  cal- 
culation. Platinum  is  the  metal  best  adapted  for  use  in  this  i 
instrument,  as  it  is  easily  acted  on,  and  not  Uable  to  oxida-  i 
tion. 


cuthbertson's  balance  electrometer. 


Mr.  Cuthbertson's  Balance  Electrometer,  fig.  74,  was  once 
commonly  used  by  electricians,  but  in  consequence  of  Am 
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indifferent  manner  in  which  it  has  been  congtructed,  is 
seldom  employed.    When  the  instrument-maker  will 

Fig.  74. 


A^         j     t^-m-n^       QiTTrfr-.-Trt-rTTiIll  I  [1 
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take  a  little  pains  in  forming  it,  there  is  no  difficulty  in 
obtaining  accurate  results.  ^  ^  are  glass  pillars  ai^oported 
by  a  mahogany  stand.  C  is  a  brass  ball,  into  which  is  fixed 
an  arm  carrying  the  ball  D.  A  and  E  are  metallic  baHs  at 
the  ends  of  a  lever,  and  moving  on  a  knife  edge  in  the  centre 
of  the  hollow  ball  C.  B  is  another  brass  ball  insulated  by 
the  glass  rod  g.  The  arm  connecting  A  and  C  is  made  ol 
glass,  and  graduated :  «  is  a  shde,  and  by  moving  it  towards 
A  or  C,  the  charge  may  be  regulated.  The  action  of  the 
instrument  will  be  best  exhibited  by  supposing  the  ball  B 
to  be  connected  with  the  exterior  coating  of  a  Leyden  jar,  and 
the  ball  D  or  C,  which  are  in  metaUic  connection,  with  the 
interior.  As  soon  as  we  begin  to  charge  the  jar  there  will 
commence  a  repulsion  between  D  and  A,  and  an  attrac- 
tion between  A  and  B,  and  at  a  certain  point  it  will  be  suffi- 
cient to  overcome  the  weight  by  which  its  fall  is  resisted,  and 
striking  upon  B  will  discharge  the  Jar.  A  greater  charge  is 
obtained  by  moving  s  nearer  to  C,  the  centre  of  moti<m. 
H  is  a  quadrant  electrometer,  placed  at  the  top  of  the  instru- 
ment to  give  evidence  when  the  charge  is  being  communi- 
cated, and  the  degree  of  intensity. 


VON  hauch's  discharging  electrometer. 

In  the  Transactions  of  the  Royal  Society  of  Copenhagen 
for  the  year  1799,  we  find  a  paper  by  Von  Hauch  describing 
an  improved  discharging  electrometer  of  his  invention.  He 
complains  of  Lane's  discharging  electrometer,  and  Henley's 
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general  diecliarger,  beenae  iIkt  met  Vf*.  i^maBem  d^- 
diargeofdlectricity;iiidliecaonidenaL  gcun  iiB^aJK:  ior 
the  same  reaami,  it  thej  are  adier  ecoKnetese  ob  ^lomiiar 
principleyoraieao  made  tlm  tlie  coBdaeaiv  utor  a  ^/um^ 
between  two  elecbic  Mjuum^jkunm,  Is  labe  i'jRUBr  cmt^  U0t 
accuracy  of  experimenta  nmai  lirpcafi  ol  lae  csuMtutrubir 
power  of  the  atmoaphoe  altiie  tJBe,  «is  a  ta*  jasber  v^^tn* 
the  dexterity  of  Ihe  pcrKin  who  k  naaciny  vut  tzytnueui 

VoQ  Hanch's  ElectiometB-  k  ooaanKScid  <«  ii«  vmut 
principle  aa  one  prerioodj  inratted  bj  Brooiu,  BaoMir,  tuat 
of  a  compaiiaon  of  die  repolaiT  poww  of  eleetridtf  bttvwsi 
two  bodiea  of  a  given  aiie  and  known  wdgfaL  The  adrwu, 
tagea,  which  he  auppoaea  to  be  poawaied  bj  fab  luaUuineMt 
over  that  by  Mr.  Brooke  are,  tlm  neither  f^  pnmurt  of  the 
atmoephere,  nor  fnetitm,  hare  any  jnfhwnfg  on  it. 

The  inatmment  ia  rcpieatuted  in  fig.  75,  m  and  a  are  two 
maaay  pIlarB  of  ^aaa,  fixed  in  an  npriglit  pcudtion  on  a  ma- 
hogany stand  op,  which  is  about  twehre  inches  in  length 
and  four  in  width.  G  G  are  brasa  ringi  covered  with  some 
reainons  substance,  and  into  them  is  screwed  forks  K,  of 
tempered  steeL  £  is  a  brass  rod  and  ball  screwed  into  the 
ring  G :  the  ball  is  about  an  inch  in  diameter,  and  the  rod 
and  ball  are  about  four  and  a  half  inches  in  length.  A  B  is  a 
delicate  beam,  the  arms  of  which  are  of  unequal  length,  turn- 
ing on  a  knife  edge  of  the  fork  K.  The  short  arm  is  of  brass, 
and  is  furnished  with  a  ball  B,  of  precisely  the  same  size  as 
the  ball  £.  The  long  arm  is  formed  of  glass,  covered  with 
copal  varnish,  and  terminates  in  an  ivory  ball  A,  which  is 
furnished  with  a  hook  R,  supporting  an  ivory  scale  H.    The 
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beam  is  about  seventeen  inches  in  lengdi,  and  the  short  ann, 
which  is  divided  into  forty-five  parts,  equivalent  to  grains,  is 
about  one-third  of  the  whole  length. 

CD  is  a  beam  constructed  and  suspended  in  the  same 
manner  as  A  B.  The  long  arm,  which  is  furnished  with  a 
ball  D,  is  divided  into  thirty  parts,  corresponding  to  grains ; 
and  the  short  glass  arm  terminates  in  a  curved  plate  C :  this 
beam  is  about  eleven  inches  in  length. 

The  brass  ring  Q,xon  the  short  arm  of  the  longer  beam,  is 
so  formed  as  to  move  over  the  rod,  and  shows  the  number  of 
grains,  that  must  be  placed  in  the  small  scale  to  restore  equi- 
hbrium.  The  moveable  ring  S,  on  the  longer  arm  of  the 
lower  beam,  also  shows  in  grains,  by  its  distance  from  ^ 
point  of  suspension,  the  power  that  would  be  required  to 
overcome  the  preponderance  of  the  other  arm. 

The  power  necessary  for  this  purpose,  says  the  author, 
wiU  be  found,  if  the  scale  H,  which  weighs  exactly  fourteen 
grains,  be  suffered  to  rest  on  the  glass  plate  C,  and  the  ring 
S  be  pushed  forward  till  both  arms  of  the  beam  are  in  eqni^ 
librium. 

The  balls  B  and  E  are  just  in  contact.  The  ball  D  is  four 
lines  distant  from  the  ring  G,  and  the  distance  between  the 
scale  H,  and  the  plate  C,  is  exactly  two  lines.  In  each  of 
the  rings  G  G  a  small  hole  is  formed  so  as  to  connect  them 
with  the  two  coatings  of  a  Leyden  jar.  I  is  a  brass  wire  with 
an  ivory  point  a  to  support  the  beam  C  D. 

We  may  now  explain  the  action  of  the  instrument.  If 
A  B  be  connected  with  the  external  coating  of  a  Leyden  jar, 
and  C  D  with  the  internal;  the  two  balls  B  and  £  wiD  be 


YON  BAUCB's  BLECTKOMXTSE. 


y^o 


charged  with  dtdxtdtj  of  the  ame  mme,  and  a  rffpnlir>>n 
win  conaeqoently  be  produced  between  them.     N'<yv  «i  th^ 

Rg.  75. 


arm  B  ascends,  the  arm  A  descendji,  and  being  twite  nn 
long,  must  pass  over  double  the  space,  and  resting  on  the 
arm  C,  causes  it  to  fisdl,  and  the  arm  D  U)  rise ;  and  as  nofm 
as  the  ball  touches  the  ring  G  the  two  sides  of  the  jar  are  con- 
nected, and  the  electricity  is  discharged.  It  will,  however, 
be  evident  to  the  reader,  that  there  is  not  only  a  repulsive 
power  between  the  similarly  electrified  substances  B  E,  but 
also  an  attraction  between  the  dissimilarly  electrified  bodies 
D  G,  the  contact  of  which  discharges  the  jar.  To  prevent 
this,  the  attraction  between  D  and  G  must  be  made  less  than 
the  repulsion  between  B  and  E.    For  this  purpose,  says  the 

Bb 
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author,  the  ring  S  must  always  be  removed  two  divisions 
farther  on  C  D  towards  D,  than  the  ring  Qi  is  shifted  on  A  B 
towards  B.  If,  for  example,  an  electric  force  were  required 
equal  to  eight  grains,  according  to  this  electrometer,  the  ring 
Q  must  be  removed  to  the  point  eight,  and  the  ring  S  to  the 
point  ten.  The  repulsive  power  will  then  repel  the  balls  B 
and  £  before  G  is  in  a  condition  to  attract  the  ball  D,  as  a 
power  of  two  grains  would  be  necessary  for  this  purpose 
beside  that  of  the  eight  already  in  action. 

Von  Hauch  recommends  his  instrument  as  preferable  to 
all  other  Discharging  Electrometers,  as  being  exceedingly 
simple  in  its  construction,  and  as  being  made  at  a  very  small 
expense : — ^the  want  of  these  two  important  requisites  we 
consider  to  be  among  the  greatest  objections  to  its  general 
use. 


Harris's  electrical  balance. 


Among  the  electrometers  we  may  also  place  Mr.  Harris's 
Electrical  Balance,  an  instrument  invented  for  investigating 
the  attractive  force  of  accumulated  electricity.  The  follow- 
ing is  his  own  description  of  the  instrument. 

''  The  beam  m  n,  fig.  76,  is  sustained  in  the  required  posi- 
tion, between  two  vertical  rods  of  glass  cdjo.  covered  wire 
indicated  by  the  dotted  Une  passes  through  one  of  these, 
and  connects  it  with  the  negative  coating.  From  one  of  the 
arms  m,  a  hollow  gilded  ball  of  wood  a,  is  suspended  by  a 
metaUic  thread ;  this  ball  is  about  two  inches  in  diameter 
and  weighs  about  160  grains.    From  the  opposite  arm  is 
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pended  a  light  bnu  pm  k,  bj  meaoi  of  nik  lines  in  tlw 
al  WBjr : — in  thia  pan  is  placed  aa  mocb  additional  weight 
ilauM  the  ball  juHt  mmtioned ;  and  to  put 


Fig.  76. 


the  whole  nUM  in  a  Male  of 
equilibrium.  The  attractive 
force  of  tbe  acenmnkton  i« 
caiued  to  act  directly  on  the 
enspended  ball  a,  by  meani  of 
an  inaolated  ball  of  braaa  b, 
of  the  same  dimensions,  which 
is  fixed  directly  under  it,  and  is 
connected  wilh  the  positive 
coating :  it  is  bo  placed  that  it 
can  be  depreBBed  from  contact 
with  thesnaijended  ball  through 
given  distances,  by  means  of  a 
cylindrical  slide  r,  to  which  it  is 
attached,  and  a  socket  t,  the 
eUde  r  has  a  scale  engraved  on 
it,  divided  into  twentieths  of 
an  inch,  and  is  supported  on 
a  glass  pillar  by  means  of  a 
varnished  ball  of  baked  wood, 
irhich  the  socket  is  fixed,  and  through  n-hich  tbe  con- 
ion  with  the  positive  coating  passes. 
'  It  will  be  immediately  perceived  that  in  this  arrangement 
attractive  force  acts  directiy  between  the  balls  a  and  b, 
1  it  can  therefore  be  measured  under  given  conditions  by 
^hts,  placed  in  the  pan  ft,  eusp^ded  from  the  opposite 
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arm  of  the  beam.  The  pan  is  allowed  to  rest  on  a  small  dr- 
cular  support  q,  the  elevation  of  which  can  be  changed  so  as 
to  accommodate  it  to  the  horizontal  position  of  the  beam, 
and  check  any  oscillation  :  there  is  also  a  small  stop  s,  in- 
serted in  this  stand,  which  projects  over  the  pan,  and  pre- 
vents the  further  descent  of  the  beam,  after  the  equilibrium 
is  destroyed ;  without  which  the  explosion  would  pass,  and 
destroy  the  gilding  of  the  ball." 


LANE  S     ELECTROMETER. 


The  electrometer,  fig.  76,  is  a  very  useful,  and  at  the  same 
time  a  very  easily  constructed  instrument.     It  is  used  for 

the  purpose  of  discharging  jars  and 
batteries,  and  at  the  same  time  of  re- 
gulating the  intensity  of  the  charge. 
A  is  the  ball  connected  wtth  the  in- 
terior coating  of  a  Leyden  jar,  and  A  B 
the  metallic  stem.  D  is  a  brass  ball, 
and  C  a  spring  tube,  through  which 
the  metallic  rod  D  E  slides.  The 
curved  glass  rod  PC  insulates  DE,  and  j 
as  will  be  presently  seen  prevents  the  passage  of  the  electric 
fluid  from  one  surface  to  the  other  of  a  Leyden  jar.  The 
ball  A  is,  as  already  stated,  supposed  to  be  in  metallic 
contact  with  the  charged  interior  coating  of  a  jar.  £  G  is  a 
chain  in  contact  with  the  exterior  coating,  and  hence  it 
will  be  evident  that  A  and  D  are  oppositely  electrified,  and 
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reprcaent  the  electric  states  of  the  two  surfaces.  To  (lis- 
charge  ajar,  or  in  other  words  to  restore  the  equilibrium, 
the  eketridty  must  force  its  way  from  A  to  D,  which  is 
tailed  the  ttrikmg  distance,  and  the  intensity  of  the  charge 
may,  therefore,  be  varied  by  increasing  or  decreasing  that 
distance.  In  nsing  this,  and  indeed  all  electrometers,  great 
care  must  be  taken  to  avoid  those  sources  of  dissipation 
spoken  of  in  a  former  part  of  this  chapter.  Dust  upon  the 
brass  work,  or  moisture  on  the  glass,  will  certainly  prevent 
the  action  of  the  instrument. 

Tliere  are  few  philosophical  instrument  makers  who  take 
sufficient  care  in  the  construction  of  electrometers  and 
electroBCopes ;  or  in  their  electrical  instruments  generally. 
Perhaps  we  have  little  reason  to  expect  they  should,  for  their 
object  is  to  sell  and  make  money,  and  to  this  science  is  made 
•abeervient.  When  young  persons  begin  the  study  of  phy- 
sics, they  are  frequently  seized  with  so  great  an  anxiety  to 
possets  what  they  consider  the  necessary  apparatus  for  expe- 
riment that  they  immediately  resolve  on  the  purchase,  and 
tmsting  themselves  in  the  hands  of  some  well  known  manu- 
fiictmer,  purchase  not  only  what  they  think  is  wanted,  but 
also  what  is  recommended  as  necessary.  Thus  provided 
with  instruments,  they  commence  in  earnest  the  performance 
of  experiments,  but  to  their  great  mortification  fail  in  almost 
every  thing  they  try,  and  the  failure  is  at  first  attributed  to  a 
want  of  skill,  but  as  their  information  increases,  they  dis- 
cover that  the  instruments  have  been  made  to  please  the  eye 
and  not  to  exhibit  scientific  facts. 


ELECTRICAL  LIGHT. 


When  an  Electrical  machine  ia  put  in  nction,  a  aBrii 
I  beautiful  sparks  will  he  seen  flying  from  the  muhina  to  fte 
hand,  or  to  an^  other  conducting  subatance  brought  nest  it, 
A  Leyden  Jar  when  charged  from  the  machine,  is  filled  utt 
were  by  guccesBivB  quantities,  each  portion  being  attended 
with  a  momentary  flash  of  light.  This  hght  differs  but  little 
from  that  produced  by  the  solar  rays,  or  that  obtuned  by 
combnatible  bodies,  and  may  be  readUy  decomposed  by* 
prism  in  a  dark  room. 

The  colour  of  the  electric  spark  is  not  alw&ya  the  sune, 
it  is  generally  white,  when  the  electricity  is  passed  fniDli  md 
received  by  metals,  but  if  it  Ehould  be  made  to  fall  upon  the 
surface  of  water,  it  will  be  red,  and  when  received  by  Ah 
human  body  green.  The  alteration  of  distance  between  Uu 
eicited  and  conducting  body,  will  also  alter  the  colour  of 
the  spark :  this  may,  perhaps,  be  accounted  for,  from  a 
ation  in  the  reaistance  offered  by  the  atmosphere.  Tta»B 
are  the  changes  in  the  luminous  appearance  produced  by  U 
alteration  of  substance  and  distance. 

If  an  arrangement  be  adopted,  by  which  an  alteration  it 
the  density  of  the  medium  may  be  obtained,  the  distance  re- 
maining the  same,  the  spark  will  be  white  as  long  as  the 
common  atmospheric  pressure  is  maintained.  But  if  theden- 
sity  of  the  air  be  diminished,  the  wiiite  hght  graduall)' 
changes  to  a  violet  tint.  TliiH  appearance  may  be  accounted 
for  on  the  supposition  that  electricity  is  transmitted  from  It 
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one  ball  to  the  other,  in  an  exhausted  receiver,  before  it  has 
attained  the  same  degree  of  intensity,  as  it  had  under  the 
common  pressure  of  the  atmosphere. 

There  is  an  experiment  worthy  of  notice  as  tending  to 
illustrate  this  branch  of  our  subject.  If  a  glass  tube,  two  or 
three  inches  in  diameter  be  connected  with  the  prime  con- 
doctor  by  a  copper  wire,  the  wire  entering  the  tube  about 
two  or  three  inches,  no  electrical  light  will  be  at  first  pro- 
duced by  setting  the  machine  in  action,  but  if  the  tube  be 
fixed  to  an  air  pump,  and  gradually  exhausted,  the  elec- 
trical fight  will  appear,  becoming  more  and  more  dififused 
as  the  exhaustion  proceeds. 

Many  interesting  experiments  may  be  made  to  exhibit  the 
hmiinons  eSecU  of  electricity  in  motion.  We  will  mention 
t  UfW,  which  may  be  easily  performed  by  any  of  our  readers 
who  have  a  small  electrical  apparatus. 

When  electricity  passes  from  a  good  to  a  bad  conductor, 
light  is  always  given  out.  This  £Eu;t  has  been  applied  in  the 
construction  of  an  interesting  apparatus,  for  the  exhibition 
of  luminous  appearances.  Take  a  plate  of  glass  and  cover 
the  centre  of  it  with  tin  foil.  Cut  away  portions  of  the  metal 
so  as  to  form  a  device,  a  letter,  or  a  word.  At  all  those  parts 
where  the  g^ass  is  exposed,  light  will  be  produced  when 
dectridty  is  communicated  from  the  machine.  Many  of  our 
readers  may,  perhaps,  find  some  difficulty  in  cutting  out 
these  fi^fures  or  words,  and  a  few  practical  remarks  on  the 
subject,  may  not  be  uninteresting. 

Let  A  B  C  D,  fig.  77,  be  a  glass  plate,  and  upon  it  a  piece 
of  tin  foil  is  to  be  60  fixed  as  to  produce  a  luminous  repre- 


mtation  of  the  letter  L.  Cover  the  glass  to  within  an  inob 
r  two  of  the  edge  with  tin-foil,  fastening  it  vitb  gum  or 
|)afite.  When  the  gum  bat 
set,  and  before  it  is  dry,oat 
the  tin-foil  into  slips,  hav- 
ing an  open  space  between 
every  slip  of  foil,  takii^ 
especial  care  to  rub  down 
the  edges  with  the  thumb 
n^,  as  every  alternate  pace 
is  taken  away.  The  lowtit 
I  Hlip  IS  made  to  terminate  in 

f  a  larger  piece  of  foil  p  at  the  bottom  of  the  plate,  and  tbe 
npper  one  in  the  piece  o.  When  this  lias  been  done,  connect 
each  alternate  end  of  the  slips  in  such  a  manner,  that  wbcn 
made  to  conduct  a  charge  of  electricity,  the  fluid,  may  have 
a  continuous  passage  through  it.  Then  mark  upon  the  pre- 
pared plate  the  figure  or  word  to  be  represented,  and  inill 
thi>Be  pkces  where  tight  in  reqtured,  cut  away  a  small  por- 
tion of  the  tin  foil.  The  width  of  each  mark  need  not  be 
greater  than  tliat  produced  by  the  pressure  of  a  penknib. 
Let  us  suppose  the  letter  L  represented  in  the  figure,  to  be 
formed  in  this  manner,  and  the  plate  to  be  perfectly  diied. 
Bring  the  tin-foil  at  o  near  to  the  conductor  of  the  machine, 
so  as  to  receive  the  sparks  thrown  off,  and  let  the  lower 
part  p  be  connected  with  the  ground.  The  electricity  has  a 
continuous  passage  except  in  those  parts  where  the  foil  has 
been  removed,  and  these  being  ail  illuminated  at  the  same 
t  present  the  appearance  of  a  letter  of  fire.      Any 
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word  may  be  cut  out,  and  with  a  little  management  the 
experiment  will  be  euccessfdl.  It  will  be  found  of  advantage 
to  cover  the  plate  with  a  varnish  when  finished,  for  it  pre- 
vents  the  foil  from  being  rubbed,  and  also  causes  a  less 
deposition  of  moisture  upon  the  surface,  which,  when  it 
happens^  is  sure  to  prevent  the  success  of  the  experi- 
ment. 

A  very  pretty  experiment  may  be  made  by  placing  small 
jneces  of  tin-foil  in  a  spiral  form  round  a  glass  tube.  Brass 
knobs  are  usually  fixed  at  the  end  of  the  tube,  and  the  foil  is 
placed  inside  to  prevent  injury  by  rubbing.  A  number  of 
these  tubes  are  sometimes  fixed  together  in  such  a  posi- 
tion that  the  same  spark  may  pass  through  them  all,  and 
the  appearance  is  then  very  beautiful. 

When  a  charge  is  passed  through  a  metal  chain  it  is  illu- 
minated for  the  same  reason.  Take  a  tolerably  large  iron  or 
brass  chain,  and  suspend  it  so  as  to  form  festoons.  Connect 
one  end  of  it  with  an  arm  of  the  discharging  rod  and  the 
other  with  the  outside  coating  of  a  Leyden  jar.  When  the 
jar  is  charged,  touch  with  the  discharging  rod  the  knob 
that  is  connected  with  the  interior  coating,  and  a  perfect 
circuit  is  formed.  The  electricity  rushes  through  the  chain 
which  now  forms  a  connexion  between  the  exterior  and  inte- 
rior coatings,  and  flashes  of  light  will  be  observed  between 
the  links,  which  are  separated  from  each  other  by  a  thin 
layer  of  atmospheric  air,  a  non-conducting  substance. 

Take  two  pieces  of  brass  chain;  and,  placing  them  upon  a 
table,  connect  an  end  of  one  piece  with  the  exterior  coatmg 
of  a  jar,  and  an  end  of  the  other  with  the  discharging  rod. 
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in  the  manner  already  described.  Then  bring  the  other  enda 
near  to  each  other,  but  not  to  touch,  and  on  them  place  i 
richly  cut  glasa  vessel  containing  water.  When  the  jar  is 
discharged,  a  spark  will  be  produced  between  the  w 
the  light  being  reflected  from  the  under  surface  of  the  nater, 
a  splendid  illumination  will  be  observed. 

If  a  charge  of  electricity  be  passed  through  an  egg,  an 
orange,  or  even  through  the  thumb  of  the  ejcperimenter,  it 
will  be  illuminated.  The  e.iperimeut  with  the  egg  is  a  pretty 
one,  and  may  be  easily  made.  In  a  wine  glass  place  a  piect 
of  brass  chain,  aulliciently  long  to  have  one  end  connected 
with  the  exterior  coating  of  the  Jar.  Let  the  egg  n 
the  other  end  in  the  glass.  The  charge  will  pans  when  thfl 
outer  coating  is  connected  by  a  diachar^ng  rod  with  the 
Other  end  of  the  egg,  which  will  appear  during  the  paasige 
of  the  electricity  as  though  it  were  heated  to  redness,  or  filled 
with  a  luminous  red  fluid. 

Many  other  experiments  of  the  same  kind  will  be  sug- 
gested bj  the  ingeuuity  of  the  experimenter,  and  otben, 
equally  curious  and  interesting,  may  be  found  1 
lisbed  works  of  electricians. 

The  author  would  suggest  another  manner  in  which  tbe 
luminous  effects  of  ordinary  electricity  may  be  exhibited,  and 
at  the  same  time  accompanied  by  motion. 

Fig.  78.  ;is  a  glass  rod  fixed  in  a  wooden  stand,  andltt. 
minating  at  the  other  extremity  in  a  brass  cap  and  point,  on 
which  is  accurately  balanced  two  thin  strips  of  glass  ad,  it' 
Upon  the  glasa  tin-foil  is  placed,  and  cut  in  some  device  W 
already  explained.   At  the  enda  of  each  strip  of  glase,  poinU 
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the  uprights  on  which  the  glass  plates^  a  a,  bb,  revolve. 
The  plates  are  covered  with  tin-foil  as  in  the  former  appa- 
ratus, and  terminate  in  points  pp,  ^  is  a  glass  column  insu- 
lating the  apparatus,  and  A  is  a  hook  inserted  in  a  brass  cap, 
by  which  the  instrument  is  connected  with  the  conductor  of 
the  machine.  light  and  motion  are  produced  as  in  the 
former  experiment. 

Fig.  79. 
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In  die  Annib  of  Electricity  S  Mr.  Sturgeon  has  detcribed 
aaother  Tory  interestmg  inatrument  for  the  exhibition  of  the 
hmnnoiu  elfects  of  ordinary  electricity;  and  we  have  fre- 
qfoently  teen  in  the  possession  of  gentlemen  who  devote  their 
leimm  to  scientific  pursuits,  other  arrangements,  to  which 
we  migbt  refer  if  our  space  would  permit. 

Many  theories  have  been  proposed  to  account  for  the 
origin  of  electrical  light.  Dr.  Wollaston  was  one  of  the  first 
who  examined  the  spectrum  produced  by  the  electric  spark 
when  refracted  by  a  glass  prism.  M.  Fraunhofer  perfonned 
similar  experiments  with  more  particularity.  To  obtain  a 
continuous  train  of  electrical  light  he  connected  two  conduct- 
ing substances  by  a  fine  thread  of  glass,  so  that  when  they 
ccnnpleted  the  electrical  circuit,  a  brilliant  line  of  light  was 
produced.  To  compare  the  electrical  light  with  that  of 
lamps  and  the  sun,  he  observed  the  lines  of  its  spectrum, 
and  discovered  they  were  in  every  reHpect  difierent  from 
those  obtained  in  other  spectra.  These  experiments  were 
tested  by  Sir  David  Brewster,  whose  observations  will  be 
found  in  the  Edinburgh  Philosophical  Transactions. 

It  was  generally  supposed  by  the  early  electricians  that  the 
electrical  light  was,  to  use  M.  Biot's  expression, ''  a  modifica- 
tion of  electricity  itself,  which  had  the  faculty  of  becoming 
light  at  a  certain  degree  of  accumulation."  This  eminent 
philosopher  objected  to  the  commonly  received  opinion, 
and  accounts  for  the  phenomenon  on  the  supposition  that 
the  electricity  acts  in  the  same  way  as  the  ordinary  pro- 

*  Annals  of  Electricity,  vol.  i.  p.  114. 
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cesses  of  condensation,  or  in  other  words  that  the  produc- 
tion of  electrical  light  is  ''  the  effect  of  the  compression 
produced  on  the  air  by  the  explosion  of  electricity.''  "The 
intensity  of  electrical  light,"  he  says,  "  depends  always  on 
the  ratio  which  exists  between  the  quantity  of  electricity 
transmitted,  and  the  resistance  of  the  medhim."  Many  objec- 
tions, however,  may  be  made  to  this  theory,  but  it  is  (mly 
necessary  to  state  that  in  the  most  perfect  vacuum  we  can 
obtain  by  artificial  means,  light  is  not  only  produced^  but  in 
much  greater  abundance  than  in  an  atmosphere  of  usual 
density. 

In  the  year  1822  Sir  Humphrey  Davy  published  in  the 
Philosophical  Transactions  ^  his  opinions  on  this  subject; 
but  we  shall  only  direct  the  attention  of  the  reader  to  the 
experiments  of  Dr.  Fusinieri,  the  results  of  which  were  pub- 
lished in  1825,  in  the  journal  of  Pavia.  This  philosopher 
has  attempted  to  prove,  that  the  electricity  passing  from  any 
metaUic  conductor,  contains  that  metal  in  a  state  of  fusion. 
Thus  for  instance; — he  says,  that  sparks  passing  from  a 
globe  of  silver,  consist  of  incandescent  molecules  of  that 
metal,  and  that  they  may  even  traverse  a  plate  of  copper, 
some  of  them  being  detained  by  the  intervening  substance, 
and  others,  following  the  electrical  current,  may  be  deposited 
in  the  substance  to  which  the  electricity  is  carried.  It  will 
be  evident,  therefore,  that  he  considers  electrical  light  as  a 
flame  consisting  of  minute  material  particles  in  a  state  of  in- 
candescence.   The  author  of  the  paper  on  electricity  in  the 

»  Phil.  Trans.  1822,  vol.  xii.p.  72. 
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Encydopsedia  Britannica,  draws  the  following  conclusions 
from  Dr.  Fiisimeri's  papers  : — 

1.  ''The  electric  spark  is  not  formed  hy  a  pure  fluid,  or 
by  any  imponderable  fluid. 

2.  "The  heat  and  light  of  the  spark  proceed  from  the 
ignitioiif  and  combustion  of  particles  of  ponderable  matter. 

3.  ''  The  presence  of  air  produces  on  the  spark  two  dis- 
tinct efiectSy  the  one  to  hinder  its  free  expansion  in  space, 
the  other,  by  supplying  oxygen,  to  promote  the  combustion 
of  the  exterior  molecules  of  the  group,  while  the  centre 
molecules  are  luminous,  from  ignition  and  fusion  alone. 

4.  "In  gases  without  oxygen,  the  material  molecules 
which  compose  the  spark  ought  to  be  simply  in  a  state  of 
mcandescence  and  fusion  without  any  combustion  of  the 
mterior  particle?. 

5.  "  In  gases  deprived  of  oxygen,  as  well  as  in  a  vacuum, 
the  molecules  which  compose  the  spark,  ought  to  be  incan- 
descent ;  that  is,  in  a  state  which  fits  them  to  emit  light  and 
heat;  a  phenomenon  of  the  same  kind  as  those  inflamma- 
tions  which  chemical  experiments  prove  to  take  place,  even 
without  the  aid  of  oxygen,  in  so  great  a  number  of  other 
combinations,  or  even  without  there  being  any  new  combi- 
nations, by  the  sole  effect  of  division  of  parts." 

Dr.  Fusinieri  has  followed  out  his  theory,  and  attempts 
to  explain  upon  its  principles  those  meteorological  pheno- 
mena universally  allowed  to  be  produced  by  atmosphe- 
rical electricity.  It  is,  however,  impossible  for  us  to  dwell 
more  at  large  upon  this  interesting  branch  of  philosophi- 
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cal  enquiry :  we  can  only  refer  the  reader  to  the  original 
memoir '. 

HEAT    FROM    ELECTRICITY. 

When  a  powerful  charge  of  electricity  is  made  to  pass 
through  a  good  conductor  of  dimensions  too  small  to  give  it 
a  ready  passage,  the  temperature  will  be  raised.    When  thin 
pendulimi  wires  are  made  the  means  of  transmitting  the 
electricity  from  a  large  battery,  they  are  generally  fiised. 
Mr.  Brook,  Keinmayer,  Van  Marum,  Cuthbertson,  Singer, 
and  other  electricians,  have  made  experiments  for  the  par- 
pose  of  determining  the  laws  by  which  this  heating  power  of 
electricity  is  governed.     "From  numerous   experiments/' 
says   Singer,  "  it  has  been  concluded  by  Mr.  Brook,  and 
Mr.  Cuthbertson,  that  the  action  of  electricity  on  wires,  in- 
creases in  the  ratio  of  the  square  of  the  increased  power; 
since  two  jars,  charged  to  any  given  degree,  will  melt  four 
times  the  length  of  wire  that  is  fused  by  one  jar ;  and  this 
will  be  again  quadrupled  by  doubling  the  height  of  the 
charge.     But  Van  Marum  contends  that  the  length  of  wire 
fused  was  in  direct  proportion  to  the  extent  of  coated  sur- 
face. 

If  a  piece  of  gold  leaf  be  placed  between  two  plates  of 
ivory,  and  a  charge  be  sent  through  it,  fusion  will  attend  the 
transmission  of  the  electricity.  The  experiment  is  now  fre- 
quently so  made,  as  to  form  a  device  upon  a  piece  of  satin. 

*  Ann.  dclle  Scienze  del  Piegno  Lomb.  Viento,  1831. 
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An  open  pattern  is  cut,  and  on  one  side  of  it  a  gold  leaf  is 
placed,  and  on  the  other  a  slip  of  white  satin.  When  tlic 
metal  is  made  the  conductor  of  a  current  of  electricity,  it  is 
fused,  and  the  fig^ure  of  the  pattern,  whatever  it  may  be,  in 
left  stained  on  the  satin. 


CHEMICAL   EFFECTS. 


Common  electricity  has  been  long  known  to  produce,  when 
properly  applied,  some  chemical  effects  upon  the  (K)rli4*H 
through  which  it  is  made  to  pass.  Great  care  is  re(|iiiriMl  Ut 
distinguish  the  origin  of  those  effects,  which  are  com- 
monly  called  chemicaL  When  a  charge  of  accumulati?d  (?li!r- 
tridty  is  passed  through  a  gold  leaf,  the  metal  will  com\niu' 
vith  the  oxygen  of  the  atmosphere,  and  an  oxidi;  f/f  gold 
win  be  formed.  This  is  a  chemical  effect,  but  it  ranrif/t  \t*' 
considered  as  resulting  from  the  chemicaJ  a/rtiori  of  tb** 
dectiicity.  An  intense  heat  u  produced  during  tb^  jrttMPkifi' 
of  the  fluid,  and  it  is  to  that  agent  tlie  tiffhtri  muHi  \f*i  stiUt- 
buted.  An  attention  to  thLs  suggeirtj/^rj  m  of  i^m  tfftfUU'kt 
importance,  or  we  may  be  induce^l  to  attribuU;  t/;  i\u:  /Jm 
mical  influence  ci  electricity,  that  wbi/;b  rtttu^U  Uotn  «t*  itt^- 
chanical  foroe,  and  the  iotecuM;  h0aii  'xyM^/rt^A  b/  lU  \/i$MM§^*r 
through  inferior  oon/^acXfjn,  or  yaU/X  '//>*  *A  kutsul  'Un^h 
sions. 

The  heating  effixto  fA  •:j^x)fiAy  v*:  ^ft^.  :u  *  jtm**  /m* 
«ure  to  the  medunkaJ  f*yfvt  *  *r*i«ru  ^yju  *'4J^  v/»*  v//v/** 
temperature  is  rumiI    Va^^/c  *.  «ft^M^,  ^A  y//^^  *^  *^^'*^  '^'*^ 
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between  two  plates  of  window  glass,  and  aUowing  a  small 
portion  of  the  metal  to  hang  from  between  the  edges  of  the 
glass,  pass  a  shock  through  it,  and  the  glass  will  be  stained 
with  the  oxide  of  the  metal.  The  chances  are  that  in  per- 
forming this  experiment,  the  glass  will  be  shattered  to 
pieces,  which  must  arise  from  the  expansive  force  of  the 
confined  air,  or  the  concussion  received  by  the  particles  of 
the  glass  during  the  passage  of  the  electricity. 

The  same  effect  is  observed  when  a  charge  is  passed  through 
thick  card-board  or  resin.  The  latter  is  best  suited  for  our 
purpose : — take  a  thin  plate  of  resin,  and  placing  it  against 
the  outside  coating  of  a  Leyden  jar,  let  one  arm  of  the  dis- 
charging rod  be  brought  against  it,  and  the  other  tathe  knob 
of  the  jar.  The  circuit  is  formed  by  the  rod,  and  the  elec- 
tricity in  passing  from  one  surface  to  the  other,  has  to  coB^bsai 
with  this  non-conducting  medium,  and  breaks  it  in  pieces. 

The  wires  by  which  a  battery  is  to  be  discharged,  may  be 
separated  by  a  strong  glass  plate.  When  the  discharge  is 
made,  the  surface  of  the  glass  will  have  a  mark  on  i%  show- 
ing the  path  taken  by  the  electricity.  If  a  thin  glass  be 
used,  or  if  weights  be  placed  on  that  part  over  whieh  the 
electricity  is  to  pass,  the  probability  is  that  it  will  be  broken 
to  pieces,  and  if  the  intensity  be  great,  it  will  be  almost  re- 
duced to  powder. 

From  these  remarks  it  will  be  evident  that  many  c^  the 
effects  produced  by  the  transit  of  electricity  are  altogether 
due  to  the  mechanical  or  calorific  agency  of  the  fluid. 

Dr.  Priestley  appears  to  have  been  the  first  to  examine  the 
action  of  electricity  upon  the  gases.     Amoikg  other  experi- 
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bon.  Dini^^  iSkt  oskk  ic  sm  juyurMt  i«t  -ri*  jxiitrjcri 
to  try  the  cAct  of  oaamaaja.  •ussrs'rvcj  wjl  wtas  *rM\*iinfi 
vidi  wtgblaUk^  Use.  Ix  Tiairntf  3a»  ^aqwr-mmn  u  umvC 
t  tube  mboot  §amr  mat»  avuc-  skC  vut'^yacL  \i  fn  iiJin. 
in  diaiiietar.  To  oae  «aii  vf  zi^  wjt  t  pi%r<j»  vf  «ar%  «i» 
fimtwiwlj  harivp  a  ^aiL  caotfrd,  «il  ii«t  tnr^Atnt  eiit  v  w 
mmiened  in  a  tcmc£  cjbbbxiuv  "^ut  taaut  iiuc  it»  lidr.  v  r.i 
wtidk  it  was  iSed.  'Vict  «wx»  utt  >»«.  yiiatftc  lus-jut^i. 
the  wire  and  Bqpbd  f cr  &  fev  nimininr..  lut  v^i^a?  ;jur:  v*r  um 
fluid bt^gaa  to  faan  a  nradna  zntg^.  It  Qeunuut  ^  vrj^iL 
oftfaia  cfaai^  «f  odwibc,  JUr.  Ynngjiej  twMttsi  vt  |?vsc  <a 
ruiiniMin  of  tlK  rpriimfyd  ar  »  U/  tryvL  tue  MjuitL  «nc  ^i 
introdneeda£raih«pHCcr.  lit  ahenncofe  «s:]#ui«d  cijt  tuiC 
agon  to  the  aaoc:  fipsiCiUL.  tiic  tut  «ii:txrivAy  yMMAxz  %r. 
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mmt^tm^A  m,  as  vnfe  mum  ifaiui£bfr«univ  prti%  ec  ahem  di^  1*^ 
aeoane  of  rer  ii^ciuuufe  ex/itrij&eWft  y^onijtbQ  i^v  3jr 


The  dnrwinjiMiitkia  uf  wui^r  wat  efiecteo  tn*  Paitiu.  ^'aL 
Timlirydt,  and  Uiieiutti,  tiimt  J>uicl  ciieuuift*.  *'  i^iu^ 
ena|ilojed  vith  Mr.  CututienMMi  iii  au  isvtutigtfUuD  uf  Uit 
effiscte  of  elttahc  n&uckfe  uc  difierent  iiubiitaocei^^  the}-  Uad 
the  eunciiatT  to  ulMent  iu>  eflWcto  tMi  water  al<»u.  Fur 
dot  purpose  they  fil^trd  a  tuM;  ^  out>«i^hth  of  ao  iccli 
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m  diameter^  and  a  foot  in  length,  with  distilled  water. 
One  extremity  of  the  tube  was  hermetically  sealed,  and  a 
gold  wire  was  closed  in  it,  which  projected  an  inch  and  a 
half  within  the  tube.    The  other  extremity  of  the  tube  was 
immersed  in  a  small  glass  vessel  full  of  distilled  water,  and 
another  wire  passed  through  this  aperture,  and  went  up  into 
the  tube,  so  as  to  be  five-eighths  of  an  inch  distant  from  the 
first  mentioned  wire.    In  order  to  transmit  the  electric  shock, 
so  that  it  should  pass  through  the  water  contained  in  the  tube, 
between  the  extremities  of  the  two  wires,  the  closed  end  of 
the  tube  was  placed  against  a  copper  ball,  standing  insulated 
at  some  distance  from  the  prime  conductor  of  the  madune; 
and  a  communication  was  made  from  the  extremity  of  the 
wire  which  stood  in  the  vessel  full  of  water,  to  the  outside  of 
a  Leyden  jar,  having  one  square  foot  of  coated  8ur£Bu:e,  and 
whose  knob  communicated  with  the  prime  conductor.    The 
electrical  machine  employed  was  a  very  powerful  double 
plate  one,  on  the  Teylerian  construction,  causing  the  jar  de- 
scribed to  discharge  itself  twenty-five  times  in  fifteen  revo- 
lutions.    By  a  series  of  shocks  with  this  apparatus,  decom- 
position was  effected,  and  the  upper  part  of  the  tube  was 
speedily  filled  with  gas.     As  soon,  however,  as  the  electrical 
discharge  passed  through  any  portion  of  this  gas,  a  re-imion 
instantly  took  place,  water  was  formed,  and  there  remained 
only  a  small  quantity  of  air,  which  did  not  entirely  disap- 
pear;  and  upon  repeated  trials  it  was  found  that  a  fi!€8h 
discharge  passed  through  this  residuum  would  produce 
further  combination,  and  thus  the  volume  of  gas  remam- 
ing,  though  never  entirely  re-combined,  became  only  one- 
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of  that  Tolnme^  originally  produced  by  the  decom- 
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posnaon. 

Dr.  WoQaston,  a  philosopher  remarkable  for  the  extreme 
neatness  and  minuteness  of  his  experiments,  attempted  in 
the  year  1801  to  decompose  water  by  sparks  instead  of 
shocks,  and  succeeded.  In  every  previous  instance  the  re- 
soh  had  been  obtained,  by  using  powerful  charges :  **  ])ut 
when  I  considered, "  he  says,  "  that  the  decomposition  must 
depend  npon  duly  proportioning  the  strength  of  the  charge 
of  electricity  to  the  quantity  of  water,  and  that  the  (pianiity 
exposed  to  its  action  at  the  surface  of  communication,  de- 
pends on  the  extent  of  that  surface;  I  hoped  that,  by  reduc- 
ing the  8UT£eu;e  of  communication,  the  decomposition  of  water 
might  be  effected  by  smaller  machines,  and  with  less  power- 
ful excitation  than  have  hitherto  been  used  for  this  purpose." 
In  this  he  succeeded  fully ;  but  an  objection  has  been  made 
to  the  supposition  of  a  chemical  agency.  His  apparatus  was 
80  minute,  that  the  result  has  been  supposed  by  some  philo- 
sophers to  arise  from  a  mechanical  influence  upon  the  parti- 
cles of  water.  Dr.  Wollaston  was  a  man  of  extraordinary 
jdiilosophical  powers,  but  he  frequently  put  himself  to  great 
inconvenience  to  perform  his  experiments  on  so  small  a 
scale,  that  a  lens  should  be  required  to  observe  the  result. 
He  was  a  man  who  seemed  to  delight  in  operations  made  in 
ahnost  capillary  tubes,  and  prided  himself  in  a  voltaic  battery 
formed  of  thimbles. 

Of  all  the  experiments  yet  made  with  a  view  to  determine 
the  chemical  effects  of  ordinary  electricity,  those  recently 
performed  by  Professor  Faraday  are  by  far  the  most  impor- 
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A  magnetic  needle  may  also  be  deflected  from  its  posilloil 
by  ordinary  electricity,  a  phenomenon  frequently  prodneed 
by  the  Aurora-Borealis.  Many  electricians  have  denied  tbe 
possibility  of  producing  this  effect  with  the  macliine;  bit 
Dr.  Faraday  succeeded  by  using  batteries  of  great  poiper. 
The  apparatus  was  so  arranged  that,  while  the  needle  wM 
completing  one  vibration,  the  battery  coiild  be  charged,  anfl 
when  the  needle  returned  to  its  first  direction,  the  d»> 
charge  was  again  made.  By  repeating  this  for  a  few  tinM 
the  vibrations  extended  to  above  40°  on  each  side  of  thelsMt 
of  quiescence.  It  is  worthy  of  remark,  that  although  iiik 
same  results  were  obtained,  whatever  conductor  was  tnodt 
imperfect  conductors  succeeded  best,  having  the  power  of 
converting  the  strong  charge  into  a  somewhat  continiuNn 
current.  There  is,  however,  no  necessity  for  this  large  sod 
expensive  apparatus.  If  a  needle  be  dehcately  suspended, 
and  a  stream  of  electricity  issuing  from  a  point  be  poured  oa 
it,  the  needle  will  be  instantly  deflected.  The  experimenter 
may  at  first  find  some  difliculty  in  obtaining  the  desired 
effect,  but  a  few  trials  will  enable  him  to  place  the  needle  at 
once  in  the  situation  where  the  effect  is  most  powerful. 


THE    PHYSIOLOGICAL    EFFECTS    OP   ELECTRICITY. 

The  sensation  produced  by  receiving  the  spark,  and  the 
more  powerful  one  experienced  when  any  portion  of  thebod^' 
forms  a  part  of  the  circuit  through  which  a  charge  fim  ' 
the  two  sides  of  a  coated  jar  returns  to  the  state  of  electlii 
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sparrows,  are  killed  by  a  shock  from  thirty  square  inches  of 
coated  surface.  If  a  charge  be  sent  through  the  head  of  a 
bird,  it  generally  injures  or  destroys  the  optic  nerve. 

Mr.  Singer  discharged  through  his  own  head  a  strong 
shock,  which  occasioned  the  sensation  of  a  violent  blow,  and 
was  followed  by  a  transient  loss  of  memory,  and  indistinct- 
ness of  ^sion.  If  a  person  who  is  standing  receive  a  chai^ 
through  the  spine,  he  loses  his  power  over  the  muscles  to  such 
a  degree,  that  he  either  drops  on  his  knees,  or  £b118  prostrate 
on  the  ground.  If  the  charge  were  very  powerful,  it  would 
produce  immediate  death,  in  consequence,  probably,  of  &e 
sudden  exhaustion  of  the  whole  energy  of  the  nenrons 
system. 

These  are  effects  occasioned  by  the  passage  of  an  electric 
shock  through  the  body  under  particular  conditions ;  but  the 
shock  produced  by  the  discharge  of  the  Leyden  jar  through 
the  arms,  only  causes  an  agitation  of  the  muscles,  which  is 
more  or  less  powerful,  in  proportion  to  the  intensity  of  the 
charge.  But  it  is  curious  to  read  the  ridiculous  and  ex- 
aggerated statements  made  by  the  philosophers  who  first 
received  the  shock.  These  accounts  naturally  excited  the 
wonder  of  all  classes,  and  every  one  was  anxious  to  see  the 
strange  effects ;  which  induced  a  number  of  uneducated  men 
to  wander  about  through  our  own  and  other  countries,  im- 
posing upon  the  pubhc,  and,  as  it  iiltimately  proved,  bringing 
the  science  itself  into  disgrace. 
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CONCLUDING   REMARK* 

The  curious  and  interesting  phenomena  exhibits!  by 
lecturers  on  electricity  have  made  the  study  pt^fmhw,  tttt^i 
there  is,  now,'  no  branch  of  physical  science  «^>  yi^^itrfitWy 
known.  During  the  last  twenty  years  the  MtUttAif/tt  *A  ;/#;/- 
losopbers  has  been  directed  to  new  inrestigatioM,  mmj  */•/* 
little  has  been  done,  comparathrely  speaktnif,  i/fWMf&t  ^'ttk 
faJH  development  of  the  science  of  ordinaiy  elwl/i^ity .  I*  ** 
a  aingnlMT  £urt,  that  we  hame  not  in  the  Kffi^i4i  l*#^f^*  ^ 
complete  treatise  oo  either  branch  ^A  eleetfVTty  ^  4}«4  ^/i*'«^ 
papers  on  the  subject,  are  tfar>w  puMkr>^  ir*  Utt^,  Kti^y  •// 
psBdia  Britannica  and  Metn^i^/iitaria,  ^^r^rMrfy  4^>^>/>  A/ 
is  periuqw  the  only  dectrieal  tcuny*^  hk  a  i^4it«  y^Hfi*'>*4ff 
sudi  a  combination  of  £Kti,  as  v>r«ut  vt  r*A  v.r*/}  ;<»  u  *f*f/t 
professing  to  rraniinf^  ami  erpiair.  &1  thAC  (wv  '^^<.  ^/^>  v/ 
observer  By  and  to  dedde  hecwe^^i  'v^rt^l^^^^  i^i^^H^4^0 
Hie  few  pffccttfing  pegiss  ans  ^nt^nuVsft  v,  .<..*\i^^  *'^  /•j^^^. 
but  it  is  onr  inSentiim  at  no  -t^rf  iinnuit  -^/A  */,  */f»'^44 
the  pdbfie  widi  as  complete  aa  •rt:/^^*^^*  '/I  ^»^  0^*^*^^  ^ 
our  infcstigatioas  ^hafl  iKnntr 


CHAPTER  VIII. 


VOLTAIC  ELECTRICITY. 


No  branch  of  Bciei 
gaged  more  of  the 
that  which  we  are 
undertaken  is  by 


I,  during  the  last  twenty  years,  en-    < 
of  philoBophera  generally,  tbtn 
about  to  explain.    The  task  we  bite 
means  an  easy  one,  so  great  is  iIm 


number,  and  so  complicated  the  nature  of  the  facte  de- 
veloped by  the  researches  of  modem  philosophers.  It  would 
be  difficult  to  prepare  a  ftiU  account  of  the  science,  but  it  if 
much  more  so  to  give  one  that  must  be  brought  within  the 
hmits  of  a  few  pages.  To  select  from  one  of  the  moat  ei- 
tensive  and  difficult  branches  of  science  those  prinuples, 
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lost  likdy  to  mihi  fflm.  ^m  »  rmnaisicac:  tii-  axr   ac 
)  arrange  flbtm  m  a  arnsr  Iuk  w3-_  lac  21c  icrwan  i.  ^ 


e  who  Ins  not  aiiin^  *=»  "i^ainc.  »T»t  v  ^^unc  i  i^^ 
cvc.  After  iMlaiir<w«tT  «==Mi  1*  a«di=a  ar  1^^ 
f  die  ttiHV*^t  ve  nmK  snumf  ma.  ■vt^f'  <.  tnfiRru:   mr 

inc  X  vil  tail  v  i  lamaBaKrT  su 


unpevcr,  bbA  to  pujivii'  i»t  iit^rjr 
wity,  in  Aefcait  1111  iniu  tt:  irtii- 


aiSTOKT  OF  TOLTAic  iz^sm.'i'"-'    ^  I--  Itf-    :r*Z>f^g'j>f 

OF  TIE  ?rii  r?    •  inr* 


It  is  ahrari  an  iserBicjLf:  mr.  '-  t<>,  -a^smM  ia  wr^-Ai^ 
able  task,  to  compare  ^  imnruic  /  .-lt  r.ii«nr,<fj;^ir  «prfU  t:>« 
possessed  by  those  wiso  lart  v:?!fi  *fusri>^'ii  n  'urtsiiut  y-jr 
smts  at  earlier  pcrioik-  Tut  ifV-ir.r-aap**  v.  1^  t«^r.*t  fiv« 
this  ccmiparison  are  obrxm :  'inr  n  ^'Vi*?  */  ti^m  -wr^  sn*  ^ij^ 
to  pass  by  with  nejifiect,  cai  *-r*a  -r-ri  •,vir.«ntnr  Iv  <jl^/*i* 
made  by  men  whose  nasce*  svi  ^r.^rrnni*  mrjuA  vr  i^sH  m 
rererence  by  those  who  ar»  hmliaaflr  *  vmiyi*  v,  ni^a'  v»i 
fame,  on  the  foandatiMU  diey  «%  ««9nr*;7  out  l\  '^*9  ^^ss# 
are  past,  time  has  obfiteraseii  VBot  rvwiutaffU^n  ^  ^it^^  4rt«i 
pnnciples  essential  to  the  \x££^/tfsy\s^  vfr-wi^jpxim^f  :tfu(  -»«! 

>  Th»  paper  wa«  reait  ^efiwe  ::^  'jj,0^.rr3i^  '^^.09.' 
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being  of  society;  and  many  who  ought  to  occupy  ih»  libber 
seats  in  the  temple  of  Fame^  are  altogether  unknown.  But 
the  power  which  time  has  exercised  over  the  records  of  men 
and  nations,  is  now  combated  by  the  art  of  printing ;  and 
the  honour  of  illustrious  men  is  more  securely  preserved 
than  if  engraven  on  rocks  of  granite  or  tablets  of  brasB. 
The  advantage  to  be  gained  by  a  review  of  the  labours  of 
those  who  preceded  us  is  ours ;  for  if  we  neglect  to  give  than 
the  honour  that  is  their  due,  their  fame  cannot  be  sullied, 
as  posterity  will  not  fail  to  estimate  their  labours  by  a  ccmi- 
parison  with  our  own. 

The  history  of  galvanism,  or,  as  the  science  is  now  with 
propriety  called.  Voltaic  electricity,  is  as  interesting  to  the 
mental,  as  to  the  experimental  philosopher;  for  although  it 
is  impossible  to  estimate  the  intensity  of  mental  energy  ex- 
pended on  it,  we  may  form  some  opinion  of  the  capacities 
and  talents  of  those  who  have  been  engaged  in  raising  the 
imposing  but  still  irregular  combination  of  facts  which  com- 
pose it.  We  have  sometimes  attempted  to  imagine  ourselvefl 
surrounded  by  the  men  to  whom  the  very  existence  of  the 
structure  may  be  traced,-  Galvani,  Volta,  Wells,  Davy, 
Wollaston,  and  a  multitude  of  others.  What  a  concoune 
of  gigantic  minds,  and  yet  how  different  in  their  habits  of 
thinking,  and  in  the  power  of  particular  faculties — all  the 
varieties  between  the  extreme  of  microscopic  examination 
and  a  universal  grasp  of  facts,  fit  to  combine  the  divided 
fragments  into  the  fashion  of  a  goodly  edifice.  It  is  true 
that  many  of  these  philosophers  entertained  very  contrary 
opinions ;  but  as  stately  forest  trees  driven  by  the  wind  lash 
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each  o^meir,  bending  backwards  and  forwards^  and  shelterinf^ 
the  tender  shrubs  within  the  reach  of  their  branches,  so  thty 
have  nourished  and  protected  the  tender  shoot  which,  grow- 
ing to  a  strong  and  wide-spreading  tree,  has  shot  its  brancttcH 
downwards,  each  in  its  turn  becoming  an  iiide[)endent,  and 
yet  a  subsidiary  source  of  fruit. 

.  The  experiment  which  first  led  to  the  esta^ilinhmerit  t4  ttMr 
science  of  Voltaic  electricity  was  made  by  ur.cuUruX  irj  tfi#r 
year  1791,  but  was  afterwards  invettigated  by  (istlvuftt,  whj^ 
name  was  for  a  long  time  attached  to  the  MMtif^  jiMlf.  Thtu 
philosopher  was,  it  appears,  making  expninttViU  U/  yr*/vti  « 
theory  he  had  adopted, — that  ekctridty  is  iJm;  <:»uum  «A  tu*^ 
enhrmotioii. 

Some  dissected  frogs  were  on  ihit  tfel>>  s^sattr  V/  «m  ^^a-u'i^ 
cal  fiwrhine,  wlndi  was  in  acb'A.    ^xtbrriM  ^y/tf^t^^/^  V/ 
touch  at  this  time  a  cntadzi  zmtt^  *A  <>m  '>f  t&^  ^f'^*,  ^^*^ 
observed  an  immedia&fr  t^xrj%*r^vi  'y  lU  JUu.'/v     7*««i»  v^ 
gular  result  wtentfA  y^  iarr^jvnt'jtk  \%  iu»  *A^/jty^  *a^  i^  ^« 
mediately  eomDCDecid  ix  jxn  «;injjeirrf<,H.  '/  t^A  yKsvu^/u^-^'* 
The  cffiict  was  at  fins  ifr.-rju>:t  cuu**;*;  v^  M^   */^uAt^H. 
electricity,  Imt  faa&w  ^uu:  'u*  «.vu\f«c^.Art<f   ^*:f i  iUi//  >#<^ 
dneed  when  litt  snmttL  v%r  iip9t*;j;  >ixia^>4'  vi  4%<  k^/i  \h»vA 
and  tonrbwi  wdcx  toivafv  up^m..  Hn^^^.ttuX*;  nixi^,  t^  j/^^ 
eehned  ifaere  most  ^0t  wm^  stiuv  *»\mm  i^**  u^  ^h4iA,'^*,.AyM 

Afier  perfsirnixitf  nunmuixr  ^v.j^r'rtM^fu.  i«  y>i.fi»u*./    *a^ 
nsnlts  cf  htt  iiiuuiri!*-.  .  r'iu<:t.  i«*  *v'.jImh«    >/-   a<*^<^/  -<*/ 
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that  electricity  is  secreted  by  the  brain,  and  has  a  permanent 
residence  in  the  muscles, — ^that  the  inner  parts  of  the  muscles 
are  in  a  positive,  and  the  outer  in  a  ne^tive  state,  resem- 
bling in  every  respect  a  charged  Leyden  jar,  and  that  the 
nerves  act  the  parts  of  conductors,  discharging  the  accumu- 
lated electricity  of  the  inner  surface  of  the  muscle  in  the  same 
manner  as  a  discharging  rod  connects  the  exterior  and  inte- 
rior coating  of  a  jar. 

The  contraction  is  therefore  supposed  to  be  produced  by 
the  exciting  influence  of  the  electricity;  and  in  proof  of  this 
theory,  he  states,  that  it  is  not  necessary  to  use  a  metallic  or 
other  substance,  but  that  parts  from  the  body  of  the  animal 
are  sufficient  for  the  production  of  all  the  effects,  as  he  found 
by  applying  the  Imnbar  nerves  to  the  crural  muscles.  Still 
he  acknowledges  that  the  effects  are  more  evident  when  a 
metallic  arc  is  employed,  and  chiefly  so  when  the  parts  are 
united  by  two  metals. 

In  these  experiments  we  have  the  first  glimmering  of  a 
science,  which,  in  less  than  half  a  century,  was  destined  to 
throw  a  searching  light  into  the  very  recesses  of  Nature's 
laboratory.  It  is  curious  to  observe  how  nearly  Galvani  was 
led  in  his  investigations  to  the  truth';  but  with  a  mind  already 
strongly  possessed  in  favour  of  a  particular  theory,  and  con- 
sidering every  experiment  in  reference  to  that  theory,  it  is 
not  singular  that  he  should  have  passed  by  the  most  impor- 
tant fact  developed  in  his  experiments,  that  the  contractions 
were  greatest  when  the  muscles  were  connected  by  two  dis- 
similar metals. 

The  experiments  of  Galvani  were  admirably  adapted  to 
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Dcourage*  if  not  to  satisfy,  the  speculative  physiological 
pinions  of  his  day.  They  instantly,  therefore,  excited  the 
ttention  of  some  of  the  most  celebrated  philosophers  of 
Durope,  who  repeated  them  in  various  ways,  and  either  re- 
Bcted  the  investigations  as  unworthy  of  regard,  or  so  mmlified 
jalvani's  theory  as  to  suit  it  to  their  own  particular  viewM. 
$ome  of  the  speculations  indulged  in  were  more  charac- 
erised  by  their  boldness  than  their  wis<lom ;  while,  on  thi* 
ither  hand,  some  were  dictated  by  an  uninquiring  scejiti- 
asm.  Professor  PfaflT  denied  the  exiMtence  <A  elect ririty  in 
ihe  eaq[>«iment,  and  showed  that  Galvani's  supfioflition  //f  h 
oegative  and  positive  state  of  the  muncles,  was  fierfedlly  an 
niiq[XHrted  by  experiment.  But  although  he  ptrrfivfA  th^ 
irant  of  evidence  in  Galvani's  theorv,  he  did  n//t  h«^«iut#!  i/t 
make  a  more  violent  assumption ;  that,  the  ag#;nt  tU^*iUffrfA 
in  the  experiment  was  analogous  tr>,  if  it  wtpf^,  ruA,  t\tf.  ^mu- 
dple  of  life,  and  yet  HHfjwed  that  it  tmcj  ^jo;  f//ttt\n*fAA  >t*f 
metals.  Spallanzani  sAmitxM  thsA  ^U,ri'.r.r.\tj  m,((Kt  M  O*^ 
cause  of  the  contractioa,  but  ma^.rM  it  v,  ^^.  r^^^tr^/i  Uffth 
external  agents,  and  not  from  thf.  :^i»*^'>^  <4  fr.^.  ^r*i(Vi«»i 

QfDr.  VaDPs  experlment4  anrl  ra.v^^r.M  -w*,  rrii^  ty^u^ 
with  more  porticTiIanty,  ajt  hi*  hsi>*  .^.  -.^  ^  f*;.  ^/'//a.a*  '/ 
the  results  he  obcazoed  •.     THw  ^tKf)x:v(vr^s0^  itKrfv.fr^A  *iv«#  *;%-» 
contractions  were  ^AiutfA  vr  *u*/*fr,/*'.f-/,    jr'',K*w  ;•<»  /^/Mvi 
dered  identical  widi  th*  iu*r"vm  ifir/t      ff.-*  f^.^f^M,  .■*//* 
ever,  that  part  of  Gaiwii' * -Jww '  v'-.if'x  4ti4'i>>^*^'>  *  'tiilUy/**** 
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dectric  state  to  the  two  aurfaces  of  a  musde.     The 
I   el  the  identity  of  the  nervous  and  electric  fluids,  may,  be 
I   diought,  be  established,  because  the  same  substances  conduct 
both,  and  those  which  refuse  to  conduct  the  one,  equally  le 
liet  the  progress  of  the  other.     It  is  strange,  however,  thsl 
ne,  who  was  no  doubt  a  close  observer  of  facts,  should 
[  have  ED  singularly  failed  in  the  establishmeut  of  his  theoiy. 
He   first   assumes   that   the   nervous   and   electrical  ( 
the  same,  and  consequently  that  the  agent  producing 
I    the  contractions  may  be  called  by  either  c 
other ;  and  then  he  tells  us  that  their  identity  is  provnl 
by  both  being  conducted  or  non-conducted  by  tbi 
substances,  or  in  other  words  the  substances  which  ti 
the  ordinary  electricity  are  capable  of  exciting  the  contrac- 
tions.    Under  these  circumstances  it  is  not  aurpriaing  llial 
he  should  be  able  to  prop's  a  perfect  identity,  and  to  show 
that  attraction  is  a  property  of  the  nervous  fluid  a: 
electricity. 

But  although  Dr.  Valli's  theory  entitles  him  to  but  litfle» 
gard ;  some  of  his  experiments  were  useful  in  aiding  Hie  fto- 
gress  of  the  science.  He  obseri'ed  that  the  contractions  m 
much  less  powerful  when  escited  by  common  electricity  iVdni 
glass  or  resin.  Two  metals,  he  says,  are  necessary  t( 
duce  the  contractions,  and  when  one  baa  been  fotind  suffi- 
cient, it  cannot  have  been  homogeneous,  or  in  other  w 
there  must  have  been  a  difierence  of  quality,  which  he  MI>- 
posed  suflicient ;  having  obtained  the  efiecta  from  t 
1  of  lead.  Ue  found  by  experiment,  ihat  many  animalt  bt" 
side  the  frog  exhibited  the  same  phenomena  fiiim  the  co 
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tict  of  metalB;  that  they  could  not  be  produced  in  animalM 
IdDed  by  stuntion  or  mineral  poisons ;  and  that  those 
wliidi  had  been  drowned  might  occasionaUy  be  resusci- 


Dr.  Mimio  of  Edinbuigb  oppoeed  these  opinions  entirely, 
for  he  eovdd  neither  believe  the  agent  to  be  electricity,  or  to 
be  identical  with  the  nervous  fluid.  What  it  might  be  he  docH 
not  state,  but  satisfies  himself  with  the  belief  that  it  has  a 
powerful  exciting  influence  on  the  nervous  fluid,  to  which 
alone  he  attributes  the  contractions. 
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From  what  has  been  already  said  it  will  appear,  that  all 
the  philosophers  of  whom  we  have  hitherto  spoken,  either 
considered  the  contractions  to  be  produced  by  some  un- 
known agent,  or  by  the  influence  of  a  species  of  animal  elec- 
tricity, a  fluid  belonging  to  the  structure  of  the  body,  in 
which  the  excitement  was  produced.  At  the  commencement 
of  the  year  1793,  two  letters  written  by  Professor  Volta  of 
Pavia,  and  addressed  to  Mr.  Cavallo,  were  read  before  the 
Royal  Society.  In  these  communications  he  expresses  his 
entire  dissent  from  all  the  theories  that  had  been  proposed  to 
account  for  the  physiological  effects  of  which  we  have  been 
speaking.  He  admitted  that  the  agent  was  electricity,  but 
could  not  allow  it  to  be  obtained  from  the  animal  body, 
much  less  from  an  opposite  state  of  electricity  in  the 
two  surfaces  of  a  muscle.    His  experiments  proved  that 
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contractions  could  be  produced  when  the  circuit  was 
formed  between  two  parts  of  a  nerve  or  two  muscles,  or 
between  different  parts  of  the  same  muscle.  Reasoning  on 
these  results,  Volta  concludes  that  the  contractions  are  pro- 
duced by  a  disturbance  rather  than  a  restoration  of  electric 
equilibrium.  The  mere  contact  of  the  metals,  he  states, 
does  disturb  their  electricities,  and  the  frog  being  in  the  cir- 
cuit of  the  fluid,  is  in  fact  nothing  mor  e  than  a  delicate  elec- 
trometer. Having  discovered  that  this  electricity  had  so 
great  an  influence  on  dead  animals,  he  wished  to  ascertain 
its  effects  on  the  living,  and  taking  a  plate  of  silver  and  zinc 
apphed  them  severally  to  the  upper  and  lower  surfaces  of  his 
tongue.  But  instead  of  contraction,  as  he  had  imagined,  a 
peculiar  taste  was  excited;  a  fact  for  which  he  could  account 
when  he  remembered  that  the  nerves  at  the  tip  of  the  tongue 
were  for  sensation.  Contraction  however  was  produced 
when  the  nerves  at  the  root  of  a  tongue  recently  removed 
from  a  sheep,  were  acted  on  by  the  electricity  of  the  plates. 

Looking  at  the  science  of  Galvanism  in  its  present  state, 
with  the  mind  occupied  by  all  the  accumulated  evidence  of 
modem  research,  it  is  almost  impossible  to  form  an  estimate 
of  the  close  perception  of  facts  and  the  ingenuity  of  Volta,  in 
thus  rejecting  the  theories  of  his  contemporaries,  and  intro- 
ducing one  which  at  first  sight  seems  so  utterly  improbable. 
But  it  will  be  observed,  that  Volta  here  considers  only  one 
class  of  phenomena,  those  produced  when  two  metals  form 
the  contact.  This  was  noticed  by  all  those  whose  attention 
was  directed  to  his  theory,  and  he  found  but  few  who  were 
willing  to  adopt  his  opinions. 
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Passing  over  a  multitude  of  writers  who  commented  on 
the  discoveries  of  Volta,  and  introduced  a  few  modificationri 
of  the  experiments  ahready  described,  we  may  allude  tu 
his  second  paper,  communicated  in  two  letters  to  Pro- 
fessor Gren.  He  commences  with  a  description  of  an  ex- 
periment which  has  been  very  frequently  made,  and  haH 
probably  been  seen,  by  all  our  readers.  Take  a  tin  basin 
and  nearly  fill  it  with  lime  water  or  a  strong  ley ;  and  after 
immernng  the  hands  in  water  place  them  on  the  basin,  and 
spplj  the  tongue  to  the  fluid ;  an  acid  taste  will  be  percepti- 
ble, although  the  fluid  itself  is  alkaline.  "  The  stream  uf 
the  electric  fluid,"  he  says,  *'  passes  from  the  tin  to  the  alka- 
line liquor,  and  from  thence  to  the  tongue  again." 

Volta  divides  the  conductors  of  electricity  into  two  classeB, 
those  which  are  dry,  such  as  metals  and  charcoal,  and  those 
which  are  fluid ;  and  the  contact  of  a  substance  belonging 
to  one  class  with  one  belonging  to  the  other,  is  supposed  to 
agitate,  disturb,  or  give  an  impulse  to  the  electric  fluid. 

**  Do  not  ask,"  says  Volta,  "  in  what  manner ;  it  is 
enough  that  it  is  a  principle,  and  a  general  principle.  This 
impulse,  whether  produced  by  attraction  or  any  other  force, 
is  different  or  unlike,  both  in  regard  to  the  different  metals 
and  to  the  different  moist  conductors ;  so  that  the  direction, 
or  at  least  the  power,  with  which  the  electric  fluid  is  impeUed 
or  excited,  is  different  when  the  conductor  A  is  appUed  to 
the  conductor  B,  and  to  another  C.  In  a  perfect  circle  of 
conductors,  where  either  one  of  the  second  class,  moist  con- 
ductors, is  placed  between  two  different  from  each  other,  of 
the  first  class,  dry  conductors,  or  contrary  wise,  one  of  the 
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first  class  is  placed  between  two  of  the  second  class  di 
from  each  other,  an  electric  stream  is  occasioned  by  tl 
dominating  force,  either  to  the  right  or  to  the  left ; — a 
lation  of  this  fluid  which  ceases  only  when  the  d 
broken,  and  which  is  renewed  when  the  drde  is  agai 
deied  complete." 

Volta  was  now  able  to  explain  why  contractions  wei 
duced  upon  an  animal  body  by  a  single  metal.  To 
this  great  philosopher  through  all  the  experiment 
reasonings  by  which  he  was  led  to  those  opinions  whi< 
a  vast  influence  in  establishing  the  science  of  galvai 
quite  impossible,  but  we  would  recommend  a  perusal 
original  article,  which  may  be  found  in  the  third  and 
volumes  of  Tllloch's  Magazine. 

Volta  first  states  that  no  stream  of  electricity  can  1 
tained  by  the  use  of  two  conductors,  how  nimierous 
the  alternations  may  be,  and  consequently  no  convulsr 
mal  movement  ought  to  be  expected.  Three  elemei 
required,  and  they  may  be  either  two  liquids  and  om 
or  two  solids  and  one  liquid.  A  drop  of  water,  a  moi 
sponge,  or  a  thin  stratum  of  soapy  or  other  viscous 
when  introduced  between  two  metals  is,  he  says,  su 
for  the  production  of  electric  currents.  "This  surprisi 
periment,  I  generally  make  in  such  a  manner  that,  i 
of  the  piece  of  metal,  I  employ  a  cup  or  spoon  fiUe 
water,  and  then  cause  a  person  who  holds  a  perfect 
and  pure  stick  of  tin  to  touch  with  that  stick  the  pc 
dry  sides  of  the  spoon,  or  cup,  at  one  time,  and  the 
contained  in  it  at  another.     It  is  wonderful  to  obsen 
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silver  is  applied  between  water  and  a  solution  of  sulphate 
potash." 

Having  thus  ascertained  the  principle  of  Voltaic  arranf 
ments,  and  the  varieties  of  which  they  are  capable,  Vo 
goes  on  to  investigate  the  relations  they  bear  to  each  otb 
Into  this  enquiry,  however,  we  cannot  at  present  enter;  su 
cient  has  been  said  to  prove  our  obligations  to  Volta, 
whom  Sir  Humphry  Davy  was  much  indebted  in  the  simi 
investigations  he  afterwards  instituted. 

In  March  of  the  year  1800,  Professor  Volta  again  addresE 
the  Royal  Society,  in  a  letter  to  Sir  Joseph  Banks,  who  ^ 
then  the  president.  The  same  year  it  was  read  and  pi 
hshed  in  its  original  form  in  the  Transactions.  Of  all  V 
ta's  papers  this  is  without  doubt  the  most  important,  anc 
we  were  to  say  more  important  than  any  paper  that  has  be 
since  written,  we  should  not  give  it  an  undue  prominen 
It  was  here  that  he  laid  the  broad  and  enduring  foundati 
to  his  own  imperishable  honour,  and  the  science  which  bei 
his  name.  It  was  here  he  first  described  that  instrum< 
which,  in  his  own  words,  contains  an  inexhaustible  char 
a  perpetual  action  or  impulse  on  the  electric  fluid,  a 
which,  whatever  modifications  it  may  receive,  must  ever 
called  the  Voltaic  Battery. 

It  has  frequently  happened  in  the  annals  of  science,  tl 
the  attention  of  philosophers  has  been  called,  by  a  combii 
tion  of  facts,  to  a  particular  investigation,  and  a  great  impro 
ment  or  discovery  has  been  made  simultaneously  by  perse 
who  have  had  no  means  of  intercourse.  At  other  tin 
claimants  have  arisen ;  and  because  they  thought  of  son 
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thing  like  that  wliich  had  been  diHeurerercl.    cr^ 
despaired  of  bbtaining  honour  iiy  azjv  utnKrjxMfsss.J-»^    *^^^ 
shameless  impudence  placed  vl  imiiuiy  uaziC    '^     ^-"^    ^-i-»^ 
honoun  a  man  can  enjoT — ^tiit  Bau-iani  -«-    *J'    i»^  '' '^'*' 
trod,  and  akme,  a  secret  jmtL  h.  tu*^  iruitTU      s^u'' 
garden  of  externa]  naturt.     'Votxi,.  lirm-^rvr:    ^^  '">  "- 
ceeding  pleanme  of  knuwing  tiia:  tiirrr    ivu'      '->'       '^'^  ^ 
bis  Csnieiy  none  trith  whom  iit  vm*  v^nu  ip^I  I'c"-     *'-      '" '  ^ 
laurels. 

We  nmst  oome;,  huwevex,  to  tiK  ynit^  ixm^rll     a*iJ' 
TOUT  to  explain  as  faneflr  w-  yo^iu^.  iw    •-^'»'^*^     itrf^^^- 
ments  by  wfaidi  Toha  suceeecKrc:  ii.  u^-^ivpiu^'  '    •  •••'•^  ' 
electricity  from  liie  mert  cunta?:  of  '.Mjijtju*rtijxj'  •?•-''"■  =^"'^' 
In  doing  this  ve  sliall  fuliuv-  si^    umrr.    »-     i^^o*:-  -'**     "** 
desci^iCion  he  gave  oftiieizi 

He  first  prorided  faimwdf  iriti    i  j*-v  'Jj-'i*^    '-^^  '  '-'.•'i'^' 
silvery  and  an  eguaJ  numlier  of  zju*     av^'j*  ^^    /*-»'-    "     '"*^ 
meter),  also  pieces  of  paper,  (r  fewu*.  'y.uir  eij:>»"v«^''-'     '^k^ 
Me  of  rrfaining  maistnrt:,  ratiiy  tmsaliKr  Usm    ti>'    ;-'**'^'' 
metaL      Haring  weE  muMteuec  tu*    piw;/:^'-**''     '^'''     **** 
water,  he  commenced  tiK  arraii^im^nr  r^'  i.i    \>s^^^  '^^ 

a  table  or  stand  b£  first  piautrc  t  pjuu*.  i/  ;*,\r^  t^^*'  ''^'*'  ''^ 
zinc^andthen  apiect  of  uain^n/uitrt  ^n  tjji.  4U/vtA**  '  >"^^ 
of  cc^iper  anapasietfWuxL  t-untifjujiJi' tij<  4ii^f;>()ti'V''  -*  *'' 
qnendj  as  regnired,  ti*t  pauieirt^iir  iji^,.  .^..,;,,  ;^/-  "*'^' 
well  moistened  widi  vaier,  or.  ^  a,  j/t*rir»<i /^  ^a'^''  >->•»'■' 
water.  This  instmmen:  i^  caLtc  \  ^^u^ .  y^  ^,'  -  -  '" 
about  tventr  pairt  Ki4gxi:  uutj^^  i<^ui,j,:^.  i.y^-*'  '^'  ' 
weaUychaigedbatien:.  or  u5  «.  -«i,*u«w.,  ^.^^x-     "^' 
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felt.  The  intensity  of  the  shock  he  well  knew  to  depend  on 
the  number  of  alternations ;  for  he  observed  that  ahhongfa 
twenty  pairs  of  plates  could  only  affect  a  finger,  or  a  small 
portion  of  the  hand,  when  fifty  plates  were  used  both  aims 
felt  the  force  of  the  shock. 

Volta  finding  the  columnar  form  of  his  arrangement  yerj 
inconvenient  in  some  respects,  invented  another,  whidi 
though  occupying  more  space  had  many  advantages  over 
the  pile.  This  apparatus  was  called  the  Couronne  de  Tas$ei, 
or  Chain  of  Cups,  and  is  represented  in  the  following  dia- 
gram.   "  I  dispose,*'  says  Volta,  "  a  row  of  several  baasBS 

Fig.  80. 


or  cups  of  any  matter  whatever,  except  metal,  such  as  wood, 
shell,  earth,  or  rather  glass;  (small  tumblers  or  drinking 
glasses  are  the  most  convenient,)  half  filled  with  pure  water, 
or  rather  salt  water  or  ley :  they  are  made  all  to  communi- 
cate by  forming  them  into  a  sort  of  chain,  by  means  of  so 
many  metallic  arcs,  one  arm  of  which  s  a  or  only  the  ex- 
tremity of  s  immersed  in  one  of  the  tumblers,  is  of  copper  or 
brass,  or,  still  better,  of  copper  plated  with  silver ;  and  the 
other  2  a,  immersed  into  the  next  tumbler,  is  of  tin  or  zinc. 
I  shall  here  observe  that  ley  and  other  alkaline  liquors  are 
preferable  when  one  of  the  metals  to  be  immersed  is  tin; 
salt  water  is  preferable  when  it  is  zinc.    The  two  metals  of 
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which  each  arc  is  composed^  are  soldered  together  in  any 
part  above  that  immersed  in  the  liquor,  and  which  must 
touch  it  with  a  surface  sufficiently  large :  it  is  necessary, 
therefore,  that  this  part  should  be  a  plate  of  an  inch  square, 
or  very  little  less ;  the  rest  of  the  arc  may  be  as  much  narrower 
as  you  choose,  and  even  a  simple  metallic  wire.  It  may  also 
consist  of  a  third  metal  different  from  the  two  immersed  in 
the  tumblers,  since  the  action  on  the  electric  fluid  which  re- 
suits  from  all  the  contacts  of  several  metals  that  immedi- 
ately succeed  each  other,  or  the  force  with  which  this  fluid 
is  at  last  impelled,  is  absolutely  the  same,  or  nearly  so,  as 
that  which  it  would  have  received  by  the  immediate  contact 
of  the  first  metal  with  the  last,  without  any  intermediate 
metals,  as  I  have  ascertained  by  direct  experiments. 

^'  A  series  of  thirty,  forty,  or  sixty  of  these  tumblers  con- 
nected with  each  other  in  this  manner,  and  ranged  either  in 
a  straight  or  curved  line,  or  bent  in  every  manner  possible, 
forms  the  whole  of  this  new  apparatus,  which  is  in  substance 
the  same  as  the  columnar  one  above  described ;  as  the  essen- 
tial part,  which  consists  in  the  immediate  communication  of 
the  different  metals  which  form  each  couple,  and  the  medi- 
ate conununication  of  one  couple  with  the  other,  namely  by 
the  intervention  of  a  humid  conductor,  exist  in  one  as  well 
as  the  other." 
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PRODUCTION    OF    VOLTAIC    ELECTRICITY. 

Having  traced  the  history  of  Voltaic  Electricity  to  that 
period  when  he  whose  name  is  given  to  the  science  dis- 
covered an  arrangement  hy  which  the  fluid  can  be  obtained 
in  large  quantities,  we  must  abandon  the  historical  style  and 
adopt  the  descriptive.  Both  the  arrangements  proposed  hy 
Volta  are  exceedingly  defective,  and  have  consequently  bean 
superseded  by  others.  The  pile  when  it  consists  of  a  num- 
ber of  pieces,  is  very  troublesome,  not  only  because  it  takes 
a  long  time  to  erect  it,  but  also  because  the  liquid  in  the 
lower  cloths  is  pressed  out,  and  the  action  is  diminished. 
Volta  was  aware  of  this,  and  in  consequence  invented  the 
Couronne  de  Tasses,  which  is,  however,  much  less  effectiye, 
and  has  been  entirely  abandoned  by  modem  inquirers. 

Mr.  Cruickshanks  was  the  inventor  of  that  arrangement 
long  called,  by  way  of  distinction,  the  Voltaic  Battery.  It 
consists  of  copper  and  zinc  plates,  cemented  into  a  water- 
tight trough,  fig.  81,  of  well-seasoned  wood,  at  short  dis- 
tances from  each  other.    A  copper  plate  terminates  the 

Fig.  81. 


series  at  one  end,  and  a  zinc  plate  at  the  other,  as  in  the 
pile.  When  the  instrument  is  to  be  put  in  action^  the  trough 
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18  fiDed  with  water  oontaimiig  a  smaD  proportion  of  sulphuric 
acid,  lliose  who  first  used  the  instrument  were  accustomed 
to  saj,  that  the  liquid  should  he  of  such  a  strength  that  a 
stream  of  gaseous  huhhles  might  rise  from  a  piece  of  tine 
mmiennd  in  it. 

In  using  the  trough  battery,  however,  the  experimenter  is 
satjeet  to  much  inconvenience,  and  especially  that  arising 
from  the  very  rapid  exhaustion  of  its  power.  The  quantity 
of  acid  in  each  trough  is  so  small,  that  it  is  soon  saturated 
widi  the  oxide  of  zinc,  after  which  there  can  be  no  further 
action.  Nor  indeed  when  the  instrument  is  used  under  the 
most  fiivourable  circumstances,  do  we  ever  obtain  its  full 
power.  In  making  a  course  of  experiments  it  is  exceedingly 
annoying  to  know  that  the  power  of  the  instrument  is  every 
moment  becoming  less  and  less  from  the  action  of  the  acid 
on  the  metal,  and  the  trouble  of  filling  and  emptying  large 
troughs,  not  only  interrupts  but  wastes  much  time.  Another 
construction  has  therefore  been  adopted^  and  in  this  the 
plates  are  so  arranged  that  they  may  be  removed  from  the 
trough  when  the  instrument  is  not  wanted,  and  its  energy  be 
consequently  preserved. 

It  was  afterwards  discovered  that  a  greater  galvanic  action 
may  be  developed  by  having  the  copper  plate  of  a  larger 
size  than  the  zinc,  the  maximum  proportion  being  about 
seven  to  one.  Dr.  Wollaston  on  this  account  proposed  that 
the  zinc  should  be  surrounded  with  copper,  as  in  fig.  84, 
and  it  is  calculated  that  a  trough  constructed  in  this  manner 
exceeds  any  other  by  the  whole  power,  and  it  is  evident  that 
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the  chemical  action  must  be  in  this  proportion,  for  both 
tides  of  the  ^inc  are  acted  upon. 

We  have  hitherto  spolten  of  the  electrical  effects  prodvcri 
bftwo  diBdimilar  metals  and  an  oxidating  fluid,  c^ableof 
acting  on  one  more  than  the  other,  and  we  have  taken  u 
oar  example  zinc,  copper,  and  an  acid  solution ;  but  a  Vol- 
taic arrangement  may  he  formed  consisting  of  one  solid  ml 

Every  galvanic  combination  mnst  consist  of  three  deraento, 
and  one  of  these  must  be  a  solid,  the  other  a  fiuid;  tbelldid 
may  be  either  a  nolid  or  a  fluid,  and  its  being  the  one  o 
other  will  place  it  in  a  particular  class.  Of  all  tlie  solid  ele- 
ments capable  of  forming  galvanic  combinations,  the  n 
and  charcoal  are  the  most  efficacious.  Of  fluid  elemenU 
those  which  produce  the  greatest  chemical  action  upon  the 
solids  are  to  be  preferred,  such  as  the  mineral  acids,  a 
Une  solutions,  sulphurets,  and  solutions  of  neutral  «altt. 
The  energy  of  the  combination  will  depend  upon  the  chetM- 
cal  action,  and  electricity  can  never  be  excited  if  there  be  w 
chemical  energy.  Thus  silver,  gold,  and  distilled  water  do 
not  con!!titute  a  galvanic  circle,  because  no  chemical  ai 
is  developed,  but  an  addition  of  a  small  quantity  of  nitrt 
acid  will  render  it  active  in  the  production  of  that  agent. 

For  the  development  of  electricity  it  is  neecasary  that  the 
three  elements  should  form  a  circle.  Thus,  if  a  plai*  if 
copper  and  zinc  be  in  contact  at  one  of  their  extreimtie 
other  being  immersed  in  a  diluted  acid,  a  galvanic  circle  win 
be  formed.     There  will  here  be  a  current  of  poailiTe  deeti^ 
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Fig.  82.  city  passing  from  the  2dnc  to  the  acid ; 

from  the  acid  to  the  copper,  and  from 
the  copper  to  the  zinc ;  as  shown  by 
the  arrows  in  fig.  82 ;  and  there  will 
also  be  a  current  of  negative  electricity 
circulating  in  the  opposite  direction, 
from  the  zinc  to  the  copper,  from  the 
copper  to  the  acid,  from  the  add  to  the 
zinc.  This  effect  is  produced  only  so 
long  as  the  metals  are  in  contact ;  as  soon  as  they  are  sepa- 
rated, the  current  ceases. 

A  eoBunonication  may  be  established  between  them  by  a 
metallic  wire,  fig.  83,  or  two  wires,  one  attached  to  each 
plate,  and  we  shall  still  have  a  Voltaic  combination.    The 

Fig.  83. 


direction  of  the  positive  electricity  is,  in  the  fluid,  from  the 
zinc  to  the  copper,  in  the  wire,  from  the  copper  to  the  zinc. 


aa  shown  by  the  arrows.  The  negative  electrici 
couTBe  take  the  oppodte  directioii.  All  armngen 
siBting  of  a  mngle  ternary  combinatioD  of  elements 
umple  circles  or  batteries,  and  it  is  easy  to  see  i 
stance  which  is  the  positive,  and  which  the  n^ 
The  positive  electricity,  as  we  have  already  shov 
from  the  wire  attached  to  the  copper,  and  enters  th 
ing  to  the  zinc,  and  therefore  the  copper  must  be  tl 
side,  and  the  other,  that  is  the  dnc,  must  conseq 


When  a  number  of  these  ternary  elements  are  < 
they  form  a  compoimd  circle :  to  this  class  alt  the 
batteries  of  which  we  have  spoken  belong.  Let  i 
present  the  section  of  a  compound  battery  in  wbicl 


Fig.  8 
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and  copper  plates  Z  and  C  are  combined  in  pnirs  ( 
at  their  upper  edges  by  small  shps  of  metal.     Eac 
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knmened  in  a  separate  veaeel  contmmn^  dalaUd  wad,  ITte 
direction  of  the  electric  cnmnt  it  the  eaiiie  in  tJbe  eocopf/unil 
asiniheeimplebattay,  thatistotaj,^  Mntm  f4  yimitv*i 
electricity  is  constantly  drcolating  frrxn  the  suvc  t//  tiM;  ^^//p. 
per  through  the  fluid  in  each  veMel ;  and  th«n  frtrnt  t[j« 
copper  to  the  zinc  of  the  next  ressel,  thrvui^iii  ikte  JowrtaJ  tliat 
connects  them,  and  so  on  to  the  end.  It  w  ih^Hf^t  ^mWiI 
that  in  a  compound  hattery  the  zinc  end  wiJJ  be  iim  y//tifUv*t 
pcAe ;  and  it  win  he  equally  clear  that  thi«  rsmtkm  fr^mt  i\m, 
simple  battery,  the  copper  being  in  that  invtanee  j¥Mitiv«^ 
does  not  arise  from  any  difference  in  the  directive  mtAMtu  t4 
the  dectridty,  but  only  from  the  combination^ 

Having  premised  these  few  obsenrations  we  may  turn  \no' 
ceed  to  consider  some  of  the  £icts  relatiiig  to  the  two  nUfi^n  trf 
voltaic  combinations ;  and  first  of  that  which  c/msistn  «tf  two 
solids  and  one  fluid.  The  arrangement  we  have  hii)mritf 
taken  has  been  the  one  commonly  empk/yed,  cif]rper,  zinr,,  and 
diluted  acid,  but  a  great  variety  of  other  rabstances  may  \h'. 
used.  Bearing  in  mind  the  principle  to  which  we  have 
already  alluded,  that  chemical  action  must  l>e  devt^loim], 
any  substances  may  be  employed. 

Lagrave  has  stated  that  he  formed  a  galvanic  arrangement 
by  alternate  layers  of  muscle  and  bndn  with  pieces  f/f  moJHt* 
ened  cloth  interposed.  Dr.  Baconio  made  a  pile  of  only 
vegetable  substances  and  obtained  electricity  sufficiently 
strong  to  produce  contractions  in  the  muscles  of  a  frog. 

It  is  found  when  metals  and  an  acid  are  used,  that  the 
power  of  the  combination  in  the  production  of  electricity  will 
be  in  proportion  to  the  ozidability  of  the  body,  and  moreover 

B  e 


420  VOLTAIC   ARRANOBMBNTS. 

just  mentioned  is  fonned.  The  vessel  itself  is  the  «Mf 
the  porter  or  wine  is  the  fluid  presented  on  one  side,  and^ 
saliva  is  the  fluid  on  the  other  side.  As  soon  therefcn  m 
the  porter  comes  in  contact  with  the  tongue,  the  votttf 
circle  is  complete,  and  a  stream  of  electricity  is  put  into 
motion  which  seems  to  affect  in  some  measure  the  taste. 

2.  The  second  kind  of  voltaic  circle  consists  of  a  melii 
which  maybe  acted  upon  by  sulphureted  hydrogen,haviiigfli 
one  side  a  solution  of  some  hydro-sulphuret,  and  on  theothv 
water.  Copper  is  the  metal  most  suitable  for  this  poJ^Oi^ 
but  silver  or  lead  may  be  used.  "  There  are,"  says  Sir  Rvmn 
phry,  ''some  singular  circumstances  connected  with  te 
violent  chemical  action  of  copper  on  solutions  of  the  hydn^ 
sulphurets.  When  a  piece  of  copper  has  been  for  a  mhraM^' 
in  a  strong  solution  of  hydro-sulphuret  of  potassa,  an.  iutrO': 
ducing  a  piece  of  polished  copper,  there  is  often  a  stioog 
negative  charge  communicated,  which  sends  a  needle  throQl^ 
a  whole  revolution — oscillates,  returns,  and  takes  the  direc- 
tion which  indicates  that  the  piece  first  plimged  in  is  nsgh 

tive." 

When  an  egg  is  eaten  with  a  silver  spoon,  the  metal  is 
discoloured  by  the  sulphur  contained  in  the  yolk  of  the  eggt 
and  the  combination  may  be  promoted  by  the .  elediic 
current,  for  a  voltaic  arrangement  of  the  second  kind  ii 
formed. 

3.  The  third  combination  of  this  class  consists  of  a  metil 
acted  upon  by  an  acid  on  one  side,  an  hydro-sulphuret  aa 
the  other.  A  pile  of  twelve  or  thirteen  alternations  \»wA 
cient  to  decompose  water.    Copper  is  the  metal  with  wH^ 
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the  greatest  eSkcts  are  prodaced,   and  am  to  iiii»  «£• 
lead. 

These  are  scmie  of  the  most  impcrtant  faeaa  ■■a^'  ■«» -  -u  tiie 
formatioii  of  vokaic 

perceived,  more  frequently  presesit,  Ipolii  in  aaius^  snc 
rimental  researches,  than  ^tmgWt   be  anticipaiac.      3<i. 
bodies  can  be  in  contact,  a 
two  oi  them,  how  slight  soem  it  msr  be,  viiiKfne  jwiBuwy  n. 
motion  currents  of  eletii  icily, 
this  frequendj  happens  in  the 
rials  composing  the  crust  of 
currents  are  thus  put  in 
in  certain  conditions  may 
ral  ternary  arrangement,  the 
easily  be  estimated. 

Modem  philosophera 
the  Toltaic  and  ordinary 
&  consideration  of  the 
But  although  the  fluid  is  the 
iifierent  conditions : 
in  a  state  of  great  tennon ;  in  the 
tonsion,  but   is  set  free  in  laige 
>f  the  electricity  in  the  formtr 
mce  of  the  quadrant  dectrooMtav 
he  effect  is  diffisrent,  for 
[oantity  €)i  the  same  agent,  it 
|y  Jy  aflfecting  the  dbctroseopfe. 
r  eommon  resnlt  of 
jOtt-AgtrifiedyatHJrf 
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that  every  oxidable  metal  is  positive  in  relation  to  eneiy 
other,  which  is  less  oxidable  than  itself.  The  foUowing  is  a 
table  given  by  Sir  Humphry  Davy,  of  the  metals  in  the 
order  of  their  oxidabihty, — and  every  substance  is  poatbe 
when  used  with  either  of  those  below  it;— 

1  Potassium  and  its  amalgams.  11  Copper. 

2  Barium  and  its  amalgams.  12  Silver. 

3  Amalgam  of  Zinc.  13  Palladimn. 

4  Zinc.  14  TeUurimn. 

5  Cadmium.  15  Gold. 

6  Tin.  16  Charcoal. 

7  Iron.  17  Platina. 

8  Bismuth.  18  Iridium. 

9  Antimony.  19  Rhodium. 
10  Lead. 

The  greater  the  distance  between  the  two  elements,  the 
greater  wiU  be  the  electrical  effects  of  the  voltaic  compoimd 
they  form,  thus  zinc  and  iron  will  form  a  much  weaker 
arrangement  than  zinc  and  copper. 

When  alkaline  substances  are  used  instead  of  acids,  the 
order  of  the  metals  is  not  precisely  the  same,  and  there  are 
some  acids  which  will,  when  used,  change  the  relative  order 
of  the  metals ;  with  the  hydro-sulphurets,  the  order  is  still 
more  confused. 

The  second  class  of  galvanic  circles  consists  of  those 
which  are  composed  of  one  solid  and  two  fluid  elements.  In 
this  arrangement  it  is  necessary  to  separate  the  two  fluids, 
which  may  be  done  by  placing  them  in  two  distinct  vessels, 
and  causing  them  to  communicate  by  means  of  a  bent  tube, 
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containing  a  conducting  liquid.  Sir  Humphry  Davy  used, 
in  some  of  his  experiments,  fibres  of  moistened  asbestos 
ingtead  of  tubes. 

Davy,  to  whom  the  science  of  electricity  is  so  much  in* 
debted,  has  divided  this  class  into  three  kinds  of  circles. 

1.  That  in  which  a  single  metal  is  so  placed  as  to  have  its 
opposite  sides  acted  upon  by  different  liquids,  one  having  a 
power  to  oxidize,  the  other  being  destitute  of  any  chemical 
action.  Zinc  having  acid  on  one  side,  and  water  on  the 
other,  is  a  circle  of  the  kind.  This  arrangement  is  very 
feeble,  and  its  effects  can  scarcely  be  detected  unless  one  of 
the  most  oxidable  metals  be  used.  Sir  Humphry  Davy 
states  that  a  pile  formed  of  tin,  acid,  and  water,  and  consist- 
ing of  about  twenty  alternations  will  decompose  water  slowly, 
aiid  give  a  slight  shock.  If  we  compare  this  class  of  galva- 
nic arrangement  with  that  before  described,  in  which  two 
metals  and  an  acid  are  employed,  it  will  be  found  to  differ 
but  in  one  particular — the  introduction  of  a  liquid  in  the 
place  of  a  solid ;  thus,  for  instance,  water  takes  the  place  of 
copper.  In  both  cases  this  third  element  has  the  same  office, 
that  of  a  conductor  between  the  other  two.  The  great  weak- 
ness of  the  electricity  developed  by  one  system,  in  compari- 
son with  the  other,  may  be  traced  to  the  difference  in  con- 
ducting powers,  water  having  the  property  in  a  very  inferior 
degree  to  copper. 

Persons  are  not  generally  aware  that  porter  and  other 
liquors  are  better  when  drunk  from  a  metallic  vessel,  because 
a  voltaic  circuit  is  formed.  In  the  act  of  drinking  out  of 
a  silver  cup  a  ternary  compound  of  the  same  kind  as  that 

E  e  2 
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aaliya  is  tbe  fluid  o 
the  porter  comes  ij 
circle  is  complete, 
motion  which  seems 
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just  mentioneil  ia  formed.  The  vessel  itself  ia  the  solid, 
the  porter  or  wine  is  the  fluid  presented  on  one  side,  and  ihe 
the  other  side.  As  soon  therefore  aa 
contact  with  the  ton^e,  the  voltaic 
nd  a  stream  of  electricity  is  put  in 
to  affect  in  some  measure  the  taste. 

2.  The  second  kind  of  voltaic  circle  consiata  of  a  metal 
which  may  be  acted  upon  by  jsnlphureted  hydrogen,  having  on 
onesideaaolutionof  some  iiydro-Bulphuret,  and  on  the  other 
water.  Copper  ia  the  metal  moat  auitable  for  this  purpoK, 
but  silver  orleadmay  beused.  "  There  ai 
phry,  "some  singular  circumataneea  connected  with  tie 
violent  chemical  action  of  copper  on  solutione  of  the  hydrp- 
BulpburetB.  When  a  piece  of  copper  has  been  for  a  minute, 
in  a  strong  solutiou  of  hydro-sutphuret  of  potasaa,  on  inln- 
ducing  a  piece  of  pohalied  copper,  there  is  often  a  sbwf 
negative  charge  communicated,  which  sends  a  needle  throngi 
a  whole  revolution — oacillates,  returns,  and  takes  the  direc- 
tion which  indicates  that  the  piece  first  plunged  in  ia  n^s- 

When  an  egg  ia  eaten  with  a  silver  spoon,  the  metal  is 
discoloured  by  the  Bulphur  contained  in  the  yolk  of  the  tgg, 
and  the  combination  may  be  promoted  by  the  eleetn 
currrait,  for  a  voltaic  arrangement  of  the  second  land  ii 
formed, 

3.  The  third  combination  of  this  class  consists  of  a  meBi 
acted  upon  by  an  acid  on  one  side,  an  hydro -sulphuret  in 
the  other.  A  pile  of  twelve  or  thirteen  alternations  iasuS- 
cient  to  decompose  water.     Copper  is  the  metal  with  wind 
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the  greatest  effects  are  produced,  and  next  to  this  silver  or 
lead. 

These  are  some  of  the  most  important  feicts  relative  to  the 
formation  of  voltaic  arrangements,  which  are,  as  must  be 
perceived,  more  frequently  present,  both  in  nature  and  expe- 
rimental researches,  than  might  be  anticipated.  No  three 
bodies  can  be  in  contact,  a  chemical  action  existing  between 
two  oi  them,  how  slight  soever  it  may  be,  without  putting  in 
motion  currents  of  electricity.  It  cannot  be  doubted  that 
this  frequently  happens  in  the  arrangement  of  the  solid  mate- 
rials composing  the  crust  of  our  globe,  and  that  considerable 
currents  are  thus  put  in  circulation.  The  atmosphere  itself 
in  certain  conditions  may  become  a  member  of  a  vast,  natu- 
ral ternary  arrangement,  the  effects  of  which  cannot  very 
eafflly  be  estimated. 

Modem  philosophers  entertain  no  doubt  of  the  identity  of 
the  voltaic  and  ordinary  electricities,  an  opmion  formed  from 
a  consideration  of  the  similarity  of  effects  produced  by  them. 
But  although  the  fluid  is  the  same  in  both  cases,  yet  it  is  in 
different  conditions :  when  developed  by  the  machine  it  is 
in  a  state  of  great  tension ;  in  the  voltaic  battery  it  has  little 
tension,  but  is  set  free  in  large  quantities.  The  intensity 
of  the  electricity  in  the  former  case,  is  shown  by  the  diverg- 
ence  of  the  quadrant  electrometer,  but  in  voltaic  electricity 
the  effect  is  different,  for  when  a  wire  is  conducting  a  large 
quantity  of  the  same  agent,  it  affords  no  indication  of  inten- 
sity by  affecting  the  electroscope. 

Another  common  result  of  ordinary  electricity  is  the  at- 
traction of  non-electrified,  and  of  dissimilarly  electrified  sub- 
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stances.  Upon  tliis  principle  the  gold-leaf  dectrometer 
is  constructed,  and  we  have  seen  that  by  bringing  a  very 
feebly  excited  body,  into  connexion  with  the  cap  of  the 
electrometer,  the  leaves  will  diverge.  But  a  single  pair  of 
voltaic  plates  however  large,  and  whatever  amount  of  elec- 
tricity they  may  develop,  cannot  produce  this  effect.  With 
fifty  pairs  of  plates  the  electroscope  is  slightly  affected. 

From  these  facts  it  will  appear  that  the  intensity  of  ordi- 
nary electricity  is  very  superior  to  that  of  the  voltaic.  But 
although  the  tension  of  voltaic  electricity  is  so  inferior,  yet 
it  is  capable  of  feebly  charging  a  Leyden  jar,  and  when  thus 
acciunulated  it  may  be  used  for  any  experiment  in  the  same 
manner  as  that  collected  from  the  machine.  These  feiets 
also  suggest  that  the  tension  of  voltaic  electricity  is  in- 
creased in  proportion  to  the  number  of  alternations.  For 
the  production  of  all  those  effects  requiring  great  intensi^) 
a  number  of  plates  must  be  employed ;  but  for  the  produc- 
tion of  calorific  effects,  surface  and  not  alternation  is  re- 
quired. 


AMALGAMATED    ZINC. 

Voltaic  batteries  have  been  recently  formed  of  amalgam- 
ated zinc,  and  are  found  to  have  many  advantages  over  those 
of  the  common  construction.  Sir  Humphry  Davy  appears 
to  have  been  the  first  person  who  employed  it  in  voltaic 
arrangements.  It  is,  however,  quite  evident  from  the  man- 
ner in  which  he  has  alluded  to  it  in  the  Bakerian  lecture  for 
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1836,  that  he  had  no  idea  of  its  general  use  in  the  construc- 
tion of  batteries,  he  simply  mentions  the  fact,  that  zinc  in 
amalgamation  with  mercury  is  positive  with  respect  to  pure 
nnc. 

In  the  year  1823,  [Mr.  Kemp  of  Edinburgh  inserted  an 
article  in  Jamieson's  Philosophical  Journal,  describing  the 
manner  in  which  he  had  constructed  batteries  of  amalgam- 
ated zinc  and  copper ;  and  of  his  researches  we  shall  endea- 
vour to  give  a  brief  abstract. 

The  autiior  first  alludes  to  the  difficulty  which  many  per- 
sona have  experienced  in  making  experiments  upon  voltaic 
electricity  and  electro-magnetism,  in  consequence  of  being 
unable  to  incur  tiie  expense  of  purchasing  suitable  apparatus. 
In  performing  the  most  important  experiments,  different 
aett  of  batteries  are  required  according  to  the  nature  of  the 
subetances  to  be  acted  upon.  But  even  when  batteries  have 
been  obtained,  the  student  has  always  been  subject  to  delay, 
inconvenience,  and  even  failure,  in  consequence  of  the  rapid 
oxidation  of  the  zinc  plates,  which  renders  them  useless 
in  voltaic  arrangements  long  before  the  batteries  are  worn 
out. 


KEMP's   PILB   WITH   MERCURY. 


*'  It  had  frequently  occurred  to  me,"  says  Mr,  Kemp,  "that 
mercury  might  be  used  as  one  of  the  metals  for  forming  gal- 
vanic apparatus,  and  from  the  difficulty  with  which  it  is  acted 
upon  by  most  of  the  acids  would  answer  the  purpose  of  a 
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negative  metal  better  than  any  other^  gold  and  platinum  ex- 
cepted, unless  its  fluidity  destroyed  its  power  of  ezdtiiig 
galvanic  energy." 

Mr.  Kemp's  first  apparatus  is  represented  in  fig.  85 ;  AB 
C  D  is  a  circular  wooden  cup,  half  an  inch  deep  and  three 
inches  in  diameter,  with  a  projecting  rim  A  B.     A  drcohr 

Fig.  85. 
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plate  of  zinc,  £  F,  is  attached  to  the  cup,  about  an  inch  from 
it  by  a  copper  wire,  one  end  of  which  passes  into  the  bottom 
of  the  cup  with  a  projection  of  about  one- eighth  of  an  inch. 
The  whole  of  the  cup  is  covered  with  a  coating  of  wax,  care 
being  taken  that  the  wire  be  left  exposed ;  and  the  bottom  of 
the  cup  is  covered  with  mercury  so  as  to  form  a  sufficient  con- 
tact with  the  wire  of  the  zinc  plate.  The  cup  is  then  neaily 
filled  with  diluted  muriatic  acid.  In  this  manner  the  author 
obtains  a  voltaic  arrangement  of  two  fluids  and  one  solid, 
consisting  of  zinc,  mercury,  and  acid. 

In  exciting  this  pile,  after  the  mercury  and  acid  have  bee^ 
poured  into  the  cups,  the  ternary  arrangements  are  to  be 
placed  upon  each  other  as  in  fig.  86.  ''  The  zinc  plate  of  one 
will  then  be  in  contact  with  the  acid  contained  in  that  imme- 
diately under  it,  the  cup  itself  resting  upon  a  small  cheek  cot 
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;he  lower  part  of  the  rim.  For  the  purpose  of  experi- 
§r  with  this  apparatus,  a  small  brass  socket,  G,  pasMs 
le  base,  and  communicates  with  the  mercury  in  the 
Ig.  86.  undermost  cup.  Into  this  socket  a  hole 

3^f  is  drilled  for  inserting  the  wire.  Another 
is  attached  to  the  uppermost  pliitc  tff 
the  pile  from  which  a  wire  can  Im; 
brought  to  complete  the  circuit.^ 

The  object  of  the  author  in  0fitm 
a  convex  form  to  the  ane  ^klU  k  U0 
facilitate  the  escape  of  the  hydr^ff/mt^ 
which  wefold  oCherwiae  eolleei  Mid  4k^ 

**  In  tine  vnamemeni/*  Mf  •  1h$ 
andior,  **  tW  nmt,m  it  m  neM  mpm  hf 
iiktmfttiif'mMifmwrr^fded^md'mhMi 

to  die  tamtt  ehyfU^pm  im  <K^  f^Stmtf 
Amd  m  ^  hMery  wW^e  <K«  mffmUn^^i 
m  bqnid,  md  dK  yom69€  M&i,  AiV  'vtn^ttrnf^^ymm  m 
pd  ofTer  Ae ofdwarf  aypaKaian ;  ^  rvf^^vmntm^'A  ^/Wi^ 
seem  to  ia&afie  iImc  die  iMi((sw^<e  iv)^  mMk  iHtv 
rdieportofacMMbcMr:  imr  <f4i%  it  wMt  IM  ^«MMMi 
»  aofii  liiwwiiif  die  fyi  eKwt  ^  iar^  fMDMnf ^ 
oat  Becgaaara&f  gedaee  it  in  the  «Mie  ^ff&y^ikffif^  m  n 
jile.  Tbe  eftet,  hnwev^r^  wvmM  ^  7«ef/  ^fl^H^t 
he  yom6m^kaoe^^0^md^Md^keiW^^  I^Hk 

iifciiMWHjd  (»  ae^4fttpM»  1^^  dk*  f#>IV»^f»|f  «r^ii0^ 
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The  fonn  of  this  pile  is  the  same  as  that  already  described, 
with  this  difference,  that  instead  of  pure  mercury,  copper  is 
used  as  the  negative  plate ;  and  instead  of  zinc,  an  amalgam 
of  zinc  and  mercury  is  the  positive  one :  and  whether  we 
take  into  consideration  the  new  field  it  opens  for  tradng  the 
laws  governing  galvanic  action,  its  powerfiQ  effects  on  the 
magnet  and  in  the  combustion  of  metal,  or  the  rapi^ty 
with  which  it  decomposes  imperfect  conductors,  this  instm- 
ment  must  be  acknowledged  of  some  importance. 

A  B  C  D,  (see  fig.  85,)  represents  a  circular  wooden  cop 
half  an  inch  in  depth  and  three  in  diameter,  having  a  pro- 
jecting rim  A  B.  H  is  a  small  button  of  wood  turned  on 
the  bottom  of  the  cup  at  its  centre,  and  projecting  one-eighth 
of  an  inch  from  it.  £  Fis  a  circular  plate  of  copper  attached 
to  the  cup  by  means  of  a  wire  of  the  same  metal  on  which  a 
screw  is  formed.  The  wire  passes  through  the  cup  and  screws 
into  a  brass  nut  which  is  sunk  into  the  inside  of  it,  the  cop- 
per plate  being  kept  at  its  proper  distance  by  the  button  of 
wood.  The  hole  is  rendered  tight  by  a  coating  of  wax,  care 
being  taken  to  keep  the  nut  and  the  projecting  point  of  the 
wire  uncovered. 

The  copper  plate  is  perforated  with  holes  to  allow  the 
hydrogen,  as  it  is  formed  at  the.  surface  of  the  zinc  and 
mercury,  to  pass  up  through  it  and  escape.  A  plate  of  wire 
gauze,  or  a  copper  wire  coiled  round,  so  as  to  form  a  phrf«i 
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iU  answer  the  purpose  equally  wdl,  m  k  nSktrnt  ih€  hy4rt/' 
en  to  pass  freely  through  the  intenttieec. 

A  quantity  of  liquid  amalgam  of  noe  amd  tmarauj^  tmrtAy 
ifficient  to  cover  the  bottom,  is  to  be  ymnd  uA^t  thtf  ^M^f, 
hich  will  be  in  contact  with  the  eofifcr  fihtU  EV,  ihffMi0t 
le  medium  of  the  nut  and  wire,  Orcr  itM  k  y^w^  m 
luch  dilute  muriatic  add  as  will  newly  iH  iht  e»|^.  tu  iim 
tanner  we  obtain  one  oompleU:  eombicatMO,  tfmtmitat^  'A 
>pper,  the  amalgam  of  mercitry  and  not,  and  fib  add. 

The  amalgam  of  zinc  and  met^ntry  in  tlu*  Mmm^namtA 
scomes  the  positive  ^ate,  w\£k  the  ecpfpfier  k  rci»der«4 
^^ve. 

To  form  the  amalgam  anall  pieces  of  imc  willi  atjoot  Umt 
mes  the  weight  of  mercory,  must  be  pbctd  in  a  erudblr^ 
id  exposed  to  the  action  of  an  intent  heaty  any  qttantiiy  of 
lercury  required  being  added  when  the  metaU  are  uniUd. 
iThen  thus  prepazed  the  amalgam  may  be  kept  f»r  any 
ngth  of  time  in  earthen  or  g^ass  ressels,  which  exclude  it 
om  the  action  of  the  atmosphere.  After  oontinned  use  the 
nc  will  be  expraded ;  but  so  long  as  any  portion  of  this 
letal  remains  in  combination  with  the  mercury,  the  pile 
ill  continue  in  activity,  and  afterwards  the  same  process 
r  amalgamation  may  be  easily  repeated* 

The  fluid  medium  used  by  Mr,  Kemp  consisted  of  one 
Eurt  of  muriatic  add,  two  of  muriate  of  soda,  and  ten  of 
ater.  Each  cup  of  an  intended  pile  is  first  charged  with 
le  amalgam,  which  need  not  be  more  than  sufficient  to 
Tver  the  bottom  of  the  vessel ;  upon  which  is  poured  the 
oid  medium.    To  form  a  pile  of  this  construction,  a  series 
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of  these  altemationa  must  be  placed  opon  each  oth< 
fi({.  86 ;  the  copper  plate  of  each  being  in  contact  i 
acid  of  that  beneath  it. 

One  of  the  most  important  advantages  of  this  pile 
it  may  remain  a  long  time  in  action  without  any  dee 
galvanic  anion.  In  the  common  arrangemeat  of  □■ 
per,  and  dilute  acid,  the  full  energy  of  the  battery 
ohlaned  at  the  instant  the  plates  are  immersed,  foi 
termination  of  each  successive  period,  the  power  ia  1 
8t  that  preceding.  "  This  seems,"  says  Mr.  Kemp, 
pend  upon  the  particles  of  dnc,  which  having  perfi 
dom  of  motion  in  the  mercury,  are  attracted  by  the 
plate  with  which  they  are  in  contact,  through  the  me 
the  wire,  and  by  this  means,  the  mercury  alone  is 
to  the  acid,  which  has  no  action  upon  it.  But  u 
destruction  of  the  electrical  tension,  hy  completing 
euit,  the  particlcB  of  zinc  are  no  longer  attracted  by 
per  plate,  and  having  perfect  freedom  of  motion  in  t 
cury,  rise  to  the  surface,  are  acted  upon  by  the  a 
have  again  a  tendency  to  restore  the  pile  to  its  fom 
of  tension.  It  will  thus  be  perceived,  that  the  aclii 
on  in  the  pile,  and,  consequently,  the  quantity  of  el 
evolved,  are  each  in  exact  proportion  to  the  coi 
power  of  the  substance  employed  to  complete  the 
In  the  common  arrangement  the  metal  is,  as  we  hav< 
seen,  soon  oxidated,  but  in  this,  little  or  no  oxide  ti 
on  the  amalgam,  for  the  particles  of  zinc  are  imn 
taken  up  by  the  acid. 

From  an  article  in  the  Annals  of  Electiicity,  we  li 
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turgeon  also  made  some  experiments  on  this  subject, 
suits  of  which  were  published  in  1830,  in  his  Ezperi- 
1  Researches.  Without  examining  with  any  degree  of 
eness  this  paper,  we  may  be  permitted  to  make  one 
ion  from  it,  as  calculated  to  give  the  reader  a  just  con- 
n  of  the  probable  value  of  amalgamated  zinc  in  voltaic 
^ements.  "  Were  it  not  on  account  of  the  brittleness, 
ther  inconveniences  occasioned  by  the  incorporation  of 
ercury  with  the  zinc,  amalgamation  of  the  siufaces  of 
lates  in  galvanic  batteries  would  become  an  important 
vement ;  for  the  metal  would  last  much  longer,  and 
Q  bright  for  a  considerable  time,  even  for  several  suc- 
e  hours — essential  considerations  in  the  employment  of 
pparatus. 

Totwithstanding  the  inconvenience,  however,  the  im- 
ment  afforded  by  amalgamating  the  siufaces  of  zinc 
,  becomes  available  in  many  experiments;  for  the  vio- 
nd  intense  chemical  action  which  is  exercised  on  zinc 
solution  of  sulphuric  or  muriatic  acid,  with  the  conse- 
;  evolution  of  heat,  and  annoying  liberation  of  hydrogen 
no  place  when  the  plates  are  amalgamated.  The  action 
aquil  and  uniform,  and  the  disengagement  of  the  gas, 
I  is  trifling,  occurs  only  when  the  circuit  is  complete, 
it  the  surface  of  the  copper  plate  only.  The  electric 
rs  are  highly  exalted,  and  continue  in  play  much  longer 
with  pure  zinc ;  and  the  only  care  of  the  experimenter 
prevent  the  copper,  or  whatever  metal  be  substituted, 
becoming  amalgamated." 
Masson  recommends,  in  the  Annales  de  Chimie,  the 
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following  simple  method  of  preparing  amalgamate 
plates  for  voltaic  arrangements.  After  having  placed 
zinc  a  little  mercury^  pour  upon  it  dilute  sulphuric  aci 
rub  the  mercury  over  the  surface  of  the  zinc  with  a  p 
linen.  The  amalgamation  goes  on  very  rapidly^  if  a 
quantity  of  dilute  acid  be  occasionally  added. 


PROFESSOR   DANIELL's    BATTERY. 


The  importance  of  obtaining  the  best  possible  arrang 
for  the  production  of  voltaic  electricity  is  so  evident,  t 
need  not  make  any  apology  for  the  introduction  of 
extra  pages  on  this  subject,  and  especially  for  a  short  ai 
of  Professor  Daniell's  battery.  Fig.  87,  is  a  sectional 
ing  of  Daniell's  battery,  and  we  shall  follow  the  inv( 
description  as  nearly  as  possible,  ab cd  is  a  cylii 
copper,  six  inches  high  and  three  and  a  half  wide,  o 
the  top  a  b,  and  closed  at  the  bottom  c  d,  except  a  col 
one  and  a  half  inch  wide,  intended  for  the  receptioi 
cork,  into  which  a  glass  syphon  tube,  g  h  ij  k,  is  fitted 
the  top  ab,  ?L  copper  collar,  corresponding  with  the  one 
bottom,  rests  by  two  horizontal  arms.  A  membranoi 
is  drawn  through  the  lower  collar  ef,  where  it  is  fastei 
a  cork,  a  communication  being  left  open  with  the  i 
tube,  so  that  when  filled  to  the  level  m  o,  the  liquid  mj 
out  at  k.  The  upper  part  of  the  membrane  /m  n  o  is  fa 
with  twine.  The  syphon  tube  is  attached  when  the 
brane  has  been  fixed.     Various  connections  of  the 


:he  different  cdls  may  be  nude  hj 
ling  from  one  to  the  odter." 
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[cment  ultimately  adopted  by  Professor  DanieU 
18  follows,  in  a  letter  addressed  to  Dr.  Faraday, 
e  of  the  number  of  the  battery  series  requires, 
ce,  a  different  arrangement  from  that  I  described 
mmunication ;  and  I  now  place  the  cells  in  two 
of  ten  each,  upon  a  long  table,  the  syphon 
id  opposite  to  each  other,  and  hanging  over  a 
placed  between  the  rows,  to  carry  off  the  refuse 
1  it  is  necessary  to  change  the  acid ;  and  as  the 
f  action  may  be  completely  maintained  by  the 
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occasional  addition  of  a  small  quantity  of  fresh  liquid,  I  hav» 
been  able  to  dispense  with  the  cumbrous  addition  of  the 
dripping  funnels.     This  arrangement  admits  with  facility  oC  | 
any  combination  of  the  plates  which  may  be  desired.'^ 


MR.    MULLINS'    SUSTAINING    BATTERY. 


1 

Is 


Without  entering  into  the  dispute  between  the  friends  of 
Professor  Daniell  and  Mr.  MuUins  as  to  the  priority  of  in- 
vention in  the  introduction  of  the  sustaining  battery,  we 
shall  now  give  the  description  of  the  instrument  proposed 
by  the  latter  gentleman  in  his  own  words,  referring  the  reader 
for  further  information  to  the  original  article  ^, 

"  The  battery  I  generally  use  for  my  own  purposes  con-  |; 
sists  of  ten  pots  each,  containing  a  single  arrangement,  and 
constructed  in  the  following  manner.  Close  to  the  inner 
surface  of  an  earthenware  pot  four  inches  high,  and  two  and 
a  half  wide,  is  fitted  a  cylinder  of  zinc,  the  depth  of  which  is 
about  a  third  of  the  depth  of  the  pot :  a  small  piece  of  zinc, 
about  half  an  inch  wide,  rises  above  the  level  of  the  remain- 
der, about  an  inch ;  and  to  this  is  soldered  a  narrow  ribbon  of 
copper,  which  rises  to  the  top  of  the  pot,  and  projects  over 
it  about  five  inches,  for  the  purpose  of  commimicating  with  a 
mercurial  cup.  Within  this  cylinder  of  zinc,  and  as  close  to 
its  surface  as  possible,  stands  a  copper  vessel  the  height  of 
which  equals  the  depth  of  the  pot.      This  vessel  is  two 

*  Annals  of  Electricity,  vol.  i,  p.  205. 
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1  quarter  indies  wide;  aad  kae  cAtr  a  wimi«  or 
T  bottom,  witer-li^  giiMil  Ae«ppered|geof  tibb 
ler,  and  eztefBal  to  it,  it  loidaed  arai  of  copper  aiboat 
rter  (rf*  an  indi  wide;  on  Ae  ovtade  of  wlnck  it  kwmtd 
ove  all  rooDd :  in  Ae  wpper  iinfin  of  dbii  rnn  aie 
oles  as  large  as  it  wffl  aDow,  for  Ae  puipijse  of  dnnr- 
f  the  charge  or  sappljing  it.  Tbe  copper  crfinder  tlnu 
ructed  is  jJaced  upon  a  iat  drde  of  cork,  open  in  die 
;,  and  projecting  as  nmdi  from  die  outer  sorfiKe  of  the 
r  below,  as  the  rim  does  abore :  this  cork  it  boond 
I  with  strips  of  membrane,  and  a  tinn  calf  or  pig's 
er  previooslj  steeped  in  tepid  water  is  dnam  orer  die 
ler,  the  use  of  the  eork  being  to  preserre  the  membrane 
contact  with  the  copper:  the  bladder  is  dnwn  tight 
istened  hj  a  string  romid  the  groore  bi  the  lim  before 
ibed.  A  narrow  band  of  copper  is  soldered  to  the  upper 
of  the  cylinder,  and  the  battery  is  now  fit  for  use.  In 
ing  it  I  nse  two  solutions :  that  in  contact  with  the 
being  one  part  of  a  saturated  solution  of  muriate  of 
>nia  to  five  of  water,  and  that  in  contact  with  the  cop- 
saturated  solution  oi  sulphate  of  copper." 
Tore  we  close  our  remarks  on  the  instruments  employed 
i  production  of  voltaic  electricity  it  will  be  necessary  to 
the  reader  to  the  manner  in  which  the  sustaining  bat- 
are  now  connected,  a  plan  proposed  by  Mr.  Clarke, 
s  it  appears,  by  far  the  most  convenient  yet  adopted, 
mattery  is  represented  in  the  diagram  at  the  head  of  this 
er,  and  consists  of  ten  jars  arranged  in  parallel  rows, 
ase  having  a  partition  dividing  it  lengthways  into  equal 

Ff 
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parts.  Upon  the  partitJon  is  fixed  a  Beries  of  circular  bl 
filling  the  spaces  between  the  jare.  In  each  block  foiu  holM 
are  formed  to  contain  mercury,  and  take  the  condncting 
wirea,  Iig.  8&,  is  a  plan  of  the  arrangement  of  the  wirea, 
those  from  the  zinc  plates  being  in  the  line  e,  and  those  from 
the  copper  in  the  line/. 


Fig.  89,  is  a  sectional  drawing  of  this  method  of  formiitg 
the  connections.  It  is  called  the  intensity  conductor,  and 
conaistB  of  a  slip  of  mahogany  to  which  copper  wiree  are  at- 
tached, the  copper  and  zinc  elements  being  connected  alter- 
nately throughout  the  series. 


^ 


II-  li-IHHl-  IHJ.  iH!- 

Rg.  90,  represents  the  quantity..conductor,  which  consirts 
of  two  brass  rods  with  wires,  ao  attached  as  to  fall  into  the 
mercury  cups.  By  using  this  method  of  conduction  all  tlie 
coi>per  elements  are  united  together,  and  at  the  same  time 
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all  the  zinc,  fonning  an  instrmnent  called  a  calorimoter, 
an  arrangement  first  described  by  Professor  Hare  of  America, 
and  deriving  its  name  from  its  great  calorific  power. 

Fig.  90. 


FARADAT   OM    THE   BATTERY. 


In  tbe  tenth  series  of  Electrical  Researches,  Dr.  Faraday 
has  made  some  remarks  on  the  battery  of  which  we  must 
give  a  general  account  before  we  attempt  to  speak  of  the 
effects  to  be  obtained  from  the  electricity  it  developes.  The 
chemical  forces  of  a  voltaic  arrangement  are  divided  into  two 
portions,  the  one  is  local  and  is  lost,  the  other  is  transferred 
round  the  circle,  and  constitutes  the  electric  current  of  the 
instrument.  In  the  open  battery  all  the  action  is  local ;  and 
in  the  ordinary  battery  much  is  lost,  even  when  the  circuit  is 
completed ;  but  in  an  arrangement  described  by  the  Doctor, 
**  all  the  chemical  power  circulates  and  becomes  electricity." 

If  a  voltaic  circuit  were  formed  of  zinc  and  platina,  the 
latter  surrounding  the  former,  as  in  the  double  copper 
arrangement,  dilute  sulphuric  acid  being  used,  no  insulating 
division  would  be  required.  The  resistance  to  the  passage 
of  the  current  at  the  place  of  decomposition  would  stop  the 
current,  and  act  as  insulation  to  the  electricity  of  contiguous 
plates. 

Ff  2 
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Dr.  Faraday  propoaes  an  arraiigemeiit 
plateE,  HuiTounded  hj  copper,  smiilar  to  WoUaatoiA'l 
tery;  the  diebmce  between  the  metallic  sarftcn  bJ 
about  the  thicknese  of  paper.  His  copper  plates  an  m 
rated  by  thin  veneere  of  wood.  The  linc  plates  wcw^ 
from  rolled  metal,  and  had  the  form  represented  st  A  te 
91,  "  They  were  bent  over  a  gauge  into  the  form  B,  i 
when  packed  into  die  wooden  box,  constructed  to 
them,  were  arranged  as  in  C ;  little  plugs  of  cork  bang 

Fig.  91. 


__r     L 


to  keep  the  zinc  plates  from  touching  the  copper  plates 
a.  single  or  double  thickneEs  of  cartridge  paper  being  in 
posed  between  the  contiguous  aurfacea  of  copper  to  piw 
them  from  coming  in  contact.  Such  was  the  facility  affimB 
by  this  arrangement,  that  a  trough  of  fifty  paira  at 
could  be  unpacked  in  fire  minutes,  and  repadced 'H 
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lost  I'S54  equivalent  of  zinc,  when  sixteen  parts,  1'82  equi- 
Talent, — when  thirty-two  parts  2'1  eqniyalents. 

The  purity  of  the  zinc  is  of  the  greatest  importance,  "miKt 
lines  when  put  into  sulphuric  acid  leave  more  or  lees  of  an 
insoluble  matter  upon  the  surface  in  the  form  of  a  crutt, 
which  contains  copper,  lead,  iron,  &i;.  in  the  metallic  state." 
No  gas  should  rise  from  the  zinc  plates ;  the  larger  the 
quantity  generated  on  these  surfaces  the  greater  is  the  local 
action.     Rolled  Leige  or  Mosselman's  aioc  is  the  beat. 

It  may  be  still  further  stated  that  when  the  zinc  and  cop- 
per pklea  are  near,  a  greater  force  is  gained  than  when 
they  are  far  apart.  Whatever  retards  the  circulation  of 
the  electricity,  increases  the  proportion  of  that  which  is  local, 
Bud  of  course  decreases  the  amount  of  that  which  is  truu- 
ferred  round  the  circle.  The  liquid  has  this  retarding  for«, 
and  therefore  weakens  the  power  of  the  battery. 

Many  other  Voltaic  arrangements  have  been  proposed.^) 
of  wliich  are  in  some  degree  worthy  of  attention,  and  wraw 
of  them  esTceedingiy  valuable.  We  have,  however,  already 
devoted  as  many  pages  to  the  subject  as  seemed  consistent 
with  the  character  of  this  book,  and  the  importance  of  the 
subject.  We  might  now  proceed  at  once  to  consider  th« 
effects  of  voltaic  electricity  as  classed  under  the  g-eneralheads 
physiological,  chemical,  luminous,  heating,  and  magnetic; 
but  if  we  may  premise  that  water  as  well  asmany  otheraub- 
stances  are  capable  of  chemical  decomposition,  there  can  be 
no  objection  to  the  mention  In  this  place  of  an  inEtnuoent 
by  which  Dr.  Faraday  proposes  to  lest  the  power  of  voluic 
batteries. 
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iiiTatig«tioi&  >,  »  raflkaent  to  prove  tiir  rery  oetruiTthumry 
and  impartnt  pnnc^ae  witb  n^ird  to  wxtar,  ibut  wiiro  ^'U  ^*- 
jected  to  the  infliMn  rf  tbe  cijeetncr  ciimait,  «  gumittfty  'ff 

.,,yurtM«mU  io  the  qum^J  '^ 

ad  LJuLumiifimrrT  tt^^J^^  ^^''"^^ 

«^  t^  ^v  ad  tike  t^t^iMM^^  <^ 
noaer,  M  to  aibrd  a  i^«T  ^*- 

Dr.  FiradBf  eonaeqiieiidy  proywed  wMne  iii^li'uiiieittw^  by 
the  we  oiwiaAr  wish  a  voitaii:  arrangem^itf  ^^a^^  '"^^  '^ 
deempiMed,  aid  the  qaancitv  of  electricity  determined  hy 
the  YvinBe  of  die  gases.  "In  many  cases/'  he  sayflf,  '^Trhi?i> 
the  instmient  is  nsed  as  a  comparadv^e  standard,  or  even  nn 
a  meaeszn;  it  may  be  desiiable  to  collect  the  hydrogen  alone, 
M  facing  leas  liable  to  absorpdon  or  disappearance  m  other 
wwjB  than  die  oxygen ;  whilst  at  die  same  time  ittt  vohme 
m  so  laige  as  to  render  it  a  good  and  sensible  indic«tf>r. " 
rhere  aze,  however,  "  two  general  fonns  of  the  instrument 

'  See  7th  Section  of  Experimental  Researches. 
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which  I  submit  as  a  meagurer  of  electricity.  One, 
both  the  gases  of  the  water  decomposed 
the  other,  in  which  a  single  gza,  as  the  hydrogen  only,  it 
nied.  When  referred  to  as  a  comparative  instrument,  it  will 
often  require  particular  precaution  in  the  observalioD ; 
hut  when  used  as  an  absolute  measurer,  it  will  be  needful 
that  the  barometric  pressure  and  the  temperature  be  taken 
into  account,  and  that  the  graduation  of  the  instrumentB 
should  be  to  one  scale ;  the  hundredths  and  smaller  dinuODS 
of  a  cubical  inch  are  quite  fit  for  this  purpose,  and  the  hnn- 
dredth  may  he  very  conveniently  taken  as  indicating  a  Aegree 
of  electricity." 

A  modification  of  thli  instrument  we  have  been  for  Mnne 
time  past  in  the  habit  of  using,  and  have  found  it  a  nuMt 
important  aid  in  ascertaining  the  relative  quantity  of  electri- 
city obtained  &om  different  batteries.  An  anonymons  writer 
has,  however,  attacked  Dr.  Faraday,  and  charged  him  with 
the  appropriation  of  an  invention  made  by,  and  beloagii^  to 
another,  '["he  name  of  Faraday  is,  and  ever  will  be,  ao  UM- 
ciated  with  the  progress  of  the  science  of  electririly,  and 
to  the  honour  of  our  country,  that  we  shaD  not  step  far  ottt 
of  our  path,  even  in  an  introductory  work,  by  enquiring  into 
the  truth  of  the  accn«atiou.  This  we  shall  do  with  the  toon 
confidence,  because  some  hiHtoricol  information  will  be,  M 
the  same  time,  communicated  to  the  reader. 

The  charge  ia  made  upon  the  faith  of  the  following  pa»- 

sage  from  Donovan's  Galvanism,  "  Robertson  also  detcribo 

an  instrument,  the  principle  of  which  has  been  since  fiw- 

I    quently  used  for  measuring  the  decomposing  energy  of  ■nj' 


441 

of  I  tube  of  g&Mi  SSLed  wick 

at  dck  end,  windi  eama  Toy 

IW  tobc  ftaada  ▼cvtieill'T,  md  is 

wt^^laatriim  wifier  ib  rctobed  into 

die  qonAf  of  wU^  bciiif^  atKertaraed  bf  die  scale, 

wttk  dte  time,  the  enersrj  of  tibe 


The  andbigiMNK  i—— rr  is  whkk  the  loot  acuteuLe  ai  cx- 
pwed  ii  falmklrd  to  mMnti  the  reader,  or  at  leait  to  give 
IB  oppoitaiHly  nr  e  amdiie  cuuMiuctuxi  wliciLer  it  was 
the  qiaentitj  of  water  deconi{KMed,  or  of  diegari  into  wiucfa 
it  wee  leeolved,  tibatwit  taken  bf  RobotKnae  ameaeurer 
of  Vflileie  cncigj  does  aot  appear.  The  MkmJDg  tnoisla- 
tioB  firam  the  omgiiial  lofiiioir  wOl  prore  that  it  wie  Uie 


"  When  a  ecience  adiancea,  and  its  principles  begin  to  be 
developed,  it  lenuiiee  a  rarietj  of  apparatus,  and  much  atten- 
tion  IB  pmreuing  the  stodj,  so  as  to  distingnish  reality  from 
appeannees.  In  gahranic  experiments  an  instrmnent  has 
been  much  wanted,  snflkiently  delicate  to  enable  experi- 
ineiilM  to  obserre  the  pretemee,  eomne,  and  especially  the 
eefisBof  tfaie  floid.  In  the  absence  of  new  discoreries,  and 
until  deeper  reeearches  produce  one  more  perfect,  a  descrip- 
tion of  diat  whidi  I  emjAoy  may  be  nsefiil.  It  consists  of 
a  tabe  eight  inches  kmg,  and  one-twelfth  of  an  inch  bore,  to 
rn?«f*'"  water.  Into  one  of  its  extremities  is  inserted  a  piece 
of  line,  and  into  the  other  a  (uece  oi  silver,  which  extend  to 
within  an  inch  of  the  centre  of  the  tube.  That  part  of  the 
^aaa  ^diich  contains  the  zinc  is  divided  into  a  scale  of  one- 
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|.  tenth  of  aline,  and  at  this  end  at  the  tube  is  a  cock  by  wMeb 
water  is  introduced,  and  from  which,  when  Ihe  apparatai  ii 

action,  the  air  escapes. 

"  In   makiog  use  of  this  instnuneat  it  must  be  placed 

within  the  gdvanic  circle  or  current,  and  the  hubbies  whidi 

appear  at  tiie  extremity  of  one  of  the  pieces  of  metdl  indieaU 

the  presence  of  the  fluid,  and  the  increase  or  diminution  of 

I   the  quantity  of  these  bubbles,  is  denoted  by  the  divisions 

rked  on  the  scale.  Thus,  by  noting  the  time,  the  gresteit 

1  least  activity  of  the  galvanic  current  may  be  a 
litcdned. 

"  This  instrument  appears  to  me  to  indicate  very  correctly 
the  appearance  and  progression  of  the  current,  by  which  the 
stream  of  bubbles,  sometimes  flowing  from  both  pieces  of 
metal,  ia  produced.  It  may  perhaps  embarrass  philosophers 
to  account  for  the  current  having  this  effect  on  both  p 
of  metal : — it  may  be  caused  by  the  nature  of  the  mt 
their  quantity  or  quality,  or  even  by  thehygrometticorbaro- 
raetric  stale  of  the  atmosphere." 

From  this  account  it  is  quite  evident  that  the  instrunient 
was  intended  as  a  measurer  of  Voltaic  action  by  the  ilecom- 
position  of  water ;  and  so  far  Dr.  Faraday  was  preceded  by 
Robertson.  Whether  he  was  aware  of  this  or  not,  ia  scarcdj 
a  matter  of  doubt,  for  there  is  no  philosopher  in  the  preeei 
day  more  willing  to  acknowledge  and  give  full  merit  to  il 
discoveries  of  his  contemporaries.  In  what  other  point  the 
is  the  slightest  resemblance  between  the  instrumenta  pciv 
posed  by  Faraday  aa  measurers  of  Voltaic  electricity;  ■ 
that  used  by  Robertson  we  cannot  (liscover.     In  th^H 


nmiouoGiLAZ,  wttutt^  ^^l 


Voltaic  action  was  debxnuned  ir- 1.  wmnazurML  sl  iut  inik  vtf 
water,  for  the  tube  waa  fified,  auc  tut «;  .qmrjc  «i»  j^dt  'ji^sl., 
%}\i^t  tlie  gacea  nngbt  eacape :  jl  "ae  iumer  v}  'tiie  ww 
obtained  from  iluimijwirMai  hv.  r  muc  siml  -^  r'm^etL^ 
bered  that  Dr.  Faradar  mt  nuc  je:c  it/  'iitt  nrfcix:^^  \i  v» 
inatmment  bj  any  looat  aas^meaae^  ur  i  »!:iil««^u!i  *d  w) 
previooa  hutramenty  fcir  ht  Ttat^jSA  ir'jB,  l  ^mifn^ufc  IHa 
had  previooflly  aaoataiDcid  uoc  *JMt  Ofi^jcEu^^tMso^  as^uvt  'jif  « 
coirent  is  oonilantp  for  a  cawiaaji  '^-idnititr  of  «i0!3r^:j:^, 
whatever  may  be  the  curmDabatcn  in»ier  viiidu  tii/t  tMs^nr^ 
city  Ib  acting;  and  directed  bj  tioc  lacw^  be  eudeacr'/ur^ 
to  conatmct  a  uritahif  ixucruma/i  to  meaaiin;  tiie  aubtie 
agent. 

FHTtlOLOaiCAL  zrrscTft. 

The  physiological  effects  reralting  from  the  paaeage  of 
V(dtaic  electricity  through  the  animal  body,  were  the  meana 
of  introducing  the  agent  itself  to  the  attention  of  philoso- 
phers. The  circumstances  under  which  the  first  experi* 
ments  were  made,  the  theories  that  were  formed,  and  the 
construction  of  the  battery,  have  been  already  mentioned. 
As  the  size  of  the  battery,  or  rather  the  number  of  alterna- 
tions was  increased,  the  effects  became  more  striking ;  ani- 
mals of  a  large  size  and  even  the  human  body  were  made  to 
exhibit  contractions  so  violent,  as  even  to  be  terrific  to  the 
spectator;  the  comiilsive  muscular  motion  giving  all  the 
indications  of  excessive  agony,  and  of  returning  life. 

Similar  experiments  have  been  made  both  in  this  and  in 


ther  countries  upon  the  bodies  of  criminals 

ir  execution.     Aldini  operated  with  a  great  numba 
Bof  plates  upon  the  body  of  a  man  who  had  been  eieeuted  U 
B  Newgate,  and  succeeded  in  producing  nolent  agitation  ct 
f  ihe  limbs.  But  the  most  remajkable  eiperiments  were  those 
made  by  Dr.  Ure  on  a  malefactor  at  Glaflgow,     A   pointed 
rod  connected  with  one  end  of  the  batteiy  was  introduced 
o  the  neck,  while  another  rod  from  the  opposite  end  of 
■  the  batteiy  was  connected  with  the  heel,  and  the  knee  being 
I  previously  bent,  the  leg  was  thrown  out  with  such  vidence 
a  nearly  to  overturn  one  of  the  asaiaUnts.     The  muscles  of 
respiration   were,  afterwards  put  into   action  by  directii^ 
the  fluid  through  the  phrenic  nerve.     The  head  was  then 
brought  under  the  influence  of  the  Voltaic   current,  and 
the  muBclea  were  dreadfully  contorted.     Rage,  horror,  des- 
pair, anguish,  and  ghastly  smiles  united  in  giving  a  hideout 
eiipression  to  the  face ;  and  many  of  the  spectators  wen  n 
affected  that  they  were  compelled  to  leave  the  ^aitment, 
fearing  that  Ufe  would  be  ultimately  restored. 
Every  kind  of  animal  appears  to  he  susceptible  of  the  in- 
[  fluence  of  Voltaic  electricity.     The  fishes  and  vermes  aw 
'  peculiarly  sensitive.    Humboldt  says  he  haf;  seen  fishes,  thv 
heads  of  which  had  been  cut  off  half  an  hour,  strike  with 
their  tails  when  galvanized  in  so  forcible  a  manner,  that  the 
whole  of  the  body  was  raised  considerably  above  the  tsble 
on  wiiich  they  were  placed.  Some  of  the  vermes  also  exhiUt 
I   their  excitability  under  the  action  of  the  fluid  in  a  very  it- 
I   dded  manner.     It  is  easy  to  prove  that  a  current  of  extreme 
I   weakness  has  a  great  effect  upon  some  animals,  by  pladTig  i 
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leech  upon  a  plate  of  zinc,  and  bringing  a  plate  of  copper 
(toudung  the  zinc  in  some  point,)  in  contact  with  it :  the 
animal  will  instantly  recoil  as  if  it  had  experienced  a  shock. 
The  same  effect  will  not  be  produced  if  it  be  placed  on  either 
sine  or  copper  alone. 

From  this  esperiment  it  will  be  evident  that  living  bodies 
are  acted  upon  by  the  Voltaic  fluid  as  well  as  those  which  are 
dead.  This  may  be  proved  with  a  very  small  battery ;  but 
it  nnut  be  remembered  that  the  amount  of  action  is  governed 
by  the  number,  and  not  the  size  of  the  plates.  On  ac- 
count of  the  small  tension  of  the  Voltaic  electricity,  ^diich, 
however,  may  be  increased  by  an  addition  to  the  number 
of  altcraationg,  the  skin,  a  very  imperfect  conductor,  should 
be-  moistened  with  water.  With  a  sing^  pair  of  plates, 
however  large,  no  violent  physiological  effect  can  be  ob- 
tained, £ar  although  a  large  quantity  of  electricity  may  be 
developed  by  them,  it  has  no  intensity.  So  <»i  the  other 
hand  a  nmnber  of  plates,  however  small,  and  containing 
not  <me-twentieth  part  of  the  metal  in  the  single  pair,  may 
give  jBL  violent  shock. 

Whether  the  admimstration  of  Voltaic  electricity  as  a  me- 
dical agent  is  not  in  some  diseases  desirable,  is  no  longer  a 
matter  of  doubt  It  was,  we  beliere,  first  proposed  by 
Aldini  as  a  auitable  agent  for  the  restoration  of  suspended 
ammation.  '^  I  am  far  from  wishing,  ^  he  says,  ''to  raiaeany 
objection  against  the  administration  of  other  remedies  winch 
jue  aheady  known.  I  would  only  recommend  galvanism  as 
the  moat  powerful  means  hitherto  diaoovered  of  answting  and 
the  efficacy  of  eveiy  other  atironlant.*^    Since  the 
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time  of  this  electrician  the  agent  has  been  applied  for  many 
other  medical  purposes,  and  has  often  been  found  effective. 
The  trouble  attending  its  use,  and  the  Teiy  speedy  exhaus- 
tion of  the  power  of  the  battery  when  constructed  accordiiig 
to  the  old  system,  were,  however,  impediments  to  its  general 
introduction.  The  common  electricity,  applied  in  a  quiet 
manner,  was,  therefore,  generally  preferred.  When  the  agent 
was  first  employed  in  the  cure  of  diseases,  it  was  thought 
that  every  thing  was  to  be  done  by  shocks — by  disduffging 
accumulated  electricity  through  the  body,  or  through  audi 
parts  of  it  as  might  be  affected.  If  a  sudden  and  unnatUFal 
action  should  be  ever  required,  it  may  easily  be  obtained  in 
this  manner ;  but  whenever  the  effect  is  to  be  produced  on 
the  system,  and  the  action  is  to  be  that  of  the  fluid  itself,  the 
person  of  the  patient  must  be,  as  it  were,  filled  with  electri- 
city, by  placing  him  on  an  insulating  stool,  to  be  afterwards 
drawn  away  by  a  director  communicating  with  the  ground 
Both  the  common  and  Voltaic  electricity  will,  in  all  pro- 
bability, be  superseded,  for  this  purpose,  by  the  magnetic,  as 
the  instrument  from  which  it  is  supplied  is  portable,  and 
may  in  a  few  minutes  be  put  in  action. 
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The  attention  of  electricians  has  been  recently  drawn  to 
the  remarkable  appearance  of  certain  insects  during  the  per- 
formance of  some  experiments  on  electrical  crystallization 
by  Mr.  Crosse.     Although  but  httle  is  at  present  known 


PRODUCTION   OP   INSECTS.  447 

concerning  the  fonnation  of  these  creatures,  it  is  necessary 
we  ehoold  describe  the  experiments  which  have  been  made, 
and  it  may  be  done  with  most  propriety  in  this  place,  as  the 
£eu:ts  will  belong  to  the  present  section  if  it  should  be  ulti- 
mately found  that  electricity  is  in  any  way  influential  in  their 
production.  In  the  Transactions  of  the  Electrical  Society 
Bir.  Crosse  has  explained  his  experiments,  and  the  results 
he  obtained,  and  if  his  memoir  were  not  too  long  for  quota- 
tion, we  should  introduce  it  in  preference  to  the  condensed 
accoont  we  have  drawn  from  his  interesting  paper.  It  will, 
however,  be  our  object  to  follow  him,  and  even  his  phrase- 
ology, as  closely  as  our  limited  space  will  admit. 

In  attempting  to  form  artificial  minerals  by  long  continued 
electric  action  on  fluids,  holding  in  solution  such  substances 
u  were  necessary  for  the  particular  purpose,  Mr.  Crosse 
adopted  a  variety  of  contrivances  to  secure  a  constant  current 
of  electricity,  and  to  expose  the  solution  to  the  electric  action 
in  a  manner  best  suited  to  eflfect  his  object.  ''Amongst 
other  contrivances,"  he  says,  "  I  constructed  a  wooden 
frame,  of  about  two  feet  in  height,  consisting  of  four  legs 
projecting  from  a  shelf  at  the  bottom  supporting  another  at 
the  top,  and  containing  a  third  in  the  middle.  Each  of  these 
shelves  was  about  seven  inches  square.  The  upper  one  was 
pierced  with  an  aperture,  in  which  was  fixed  a  funnel  of 
Wedgwood  ware,  within  which  rested  a  quart  basin  on  a 
circular  piece  of  mahogany  placed  within  the  funnel.  When 
this  basin  was  filled  with  a  fluid,  a  strip  of  flannel  wetted 
with  the  same  was  suspended  over  the  edge  of  the  basin 
and  inside  the  funnel,  which  acting  as  a  syphon,  conveyed 
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the  fluid  out  of  the  basin  through  the  funnel, 

drops.    The  middle  shelf  of  the  frame  was  likewise  {Hened 

with  an  aperture  in  which  was  fixed  a  smaller  funnel  of  glaia, 
which  supiKirted  a  piece  of  somewhat  porous  red  oxide  of 
iron  from  Veauvius,  immediately  under  the  dropping  of  tk 
upper  funnel.  This  stone  was  kept  constantly  electrified  by 
maansof  two  pktina  wires  on  either  side  of  it,  connected  with 
the  poles  of  a.  Voltuc  hattery  of  nineteen  pairs  of  five-incli 
zmc  and  copper  single  plates,  in  two  porcel^  troughs,  the 
cells  of  which  were  filled  at  first  with  water,  and  ^  of  hj'dro- 
ehloric  acid,  hut  of^rwards  with  water  alone.  I  may  here 
■tate,  that  in  all  my  suhsequent  experiments  relative  to  these 
msects,  I  filled  the  cells  of  the  battery  employed  with  nothing 
but  common  water.  The  lower  shelf  merely  supported  a 
wide  mouthed  bottle  toreeeivethedropsaa  they  fell  fromtlii 
second  funnel.  When  the  basin  was  nearly  emptied,  the 
fluid  was  poured  hack  again  from  the  bottle  below  into  the 
basin  above,  without  disturbing  the  position  of  the  sloiw. 
It  was  by  meje  chance  that  1  selected  this  volcanic  mb- 
stance,  choosing  it  for  its  partial  porosity ;  nor  do  I  bdie?e 
it  had  the  slightest  effect  in  the  production  of  the  inseeti  to 
be  described." 

The  following  is  the  manner  in  which  Mr.  Crosse  mait 
the  fluid  with  which  he  filled  the  basin.  A  piece  of  black 
flint  being  raised  to  a  red  heat,  and  afterwards  suddenly 
cooled  in  cold  water,  was  reduced  to  powder.  Two  ounces 
of  this  WBH  then  mked  with  m\  ounces  of  carbonate  of 
potassa,  and  exposed  in  a  blacklead  crucible  to  an  inletlM 
heat.   The  compound  was  then  poitfed  on  an  iron  plate,  ud 


PRODUCTION  OF  IN8BCTS.  440 

wfaOe  WBim  reduced  to  a  powder,  after  which  boiling  water 
was  poured  on  it,  and  kept  boiling  for  Rome  minuteH ;  by 
which  the  greater  part  of  the  soluble  ghwH  thu»  fuNed  waw 
takea  up  by  the  water.  To  a  portion  of  the  nilicate  of 
potana,  ''boiHng  water  was  added  to  dilute  it,  and  hydro- 
chloric add  was  slowly  added  to  super-saturation." 

'*  My  object,"  says  Mr.  Crosse,  "  in  subjecting  this  Huid 
to  a  long  continued  electric  action  through  the  intervi;ntion 
of  a  parous  stone,  was  to  form,  if  possible,  crystals  of  silica 
at  one  of  the  poles  of  the  battery,  but  I  fieuled  in  accomplish - 
ing  this  by  those  means.  On  the  fourteenth  day  from  thti 
commencement  of  the  experiment,  I  observed,  through  u  lens, 
a  few  small  whitish  excrescences  or  nipples  projecting  from 
about  the  middle  of  the  electrified  stone,  and  nearly  under 
the  dropping  of  the  fluid  above.  (>n  the  eighteenth  day 
theee  projections  enlarged,  and  seven  or  eight  fllaments,  each 
of  them  longer  than  the  excrescence  from  which  it  grew, 
made  their  appearance  at  each  of  the  nipples.  On  the  twenty- 
aecond  day  these  appearances  were  more  elevated  and  dis- 
tinct,^ and  on  the  twenty-sixth  day  each  figure  assumed  the 
form  of  a  perfect  insect,  standing  erect  on  a  few  bristles 
which  formed  its  tail.  Till  this  period  I  had  no  notion  that 
these  appearances  were  any  other  than  an  incipient  mineral 
formation ;  but  it  was  not  until  the  twenty-eighth  day,  when 
I  plainly  perceived  these  littie  creatures  move  their  legs,  that 
I  feh  any  surprise;  and  I  must  own  that  when  this  took 
place  I  was  not  a  littie  astonished.  I  endeavoured  to  detach, 
with  the  point  of  a  needle,  one  or  two  of  them  from  their 
position  on  the  stone,  but  they  immediately  died,  and  I  was 
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obliged  to  wait  patiently  for  a  few  days  longer,  wben  they 
separated  themselves  from  the  stone  and  moved  about  at 
pleasure,  although  they  had  been,  for  some  time  after  their 
birth,  apparently  averse  to  motion.  In  the  course  of  a  few 
weeks  about  a  hundred  of  them  made  their  appearance  on 
the  stone.  I  observed  that  at  first  each  of  them  fixed  itself 
for  a  considerable  time  in  one  spot,  appearing  as  £Eur  as  I 
could  judge  to  feed  by  suction ;  but  when  a  ray  of  light  from 
the  Sim  was  directed  upon  it,  it  seemed  disturbed,  and  re- 
moved itself  to  the  shaded  part  of  the  stone.  Out  of  about 
a  hundred  insects  not  above  five  or  six  were  bom  on  the 
south  side  of  the  stone.  I  examined  some  of  them  with  a 
microscope,  and  observed  that  the  smaller  ones  appeared  to 
have  only  six  legs,  but  the  larger  ones  eight.  I  have  had 
three  separate  formations  of  similar  insects  at  diflferentx 
times,  from  fresh  portions  of  the  same  fluid,  with  the  same 
apparatus." 

Some  specimens  of  the  insects  were  sent  by  the  Royal 
Society  to  the  French  Academy,  and,  according  to  the  report 
drawn  up  by  some  of  the  members,  they  belong  to  a  new 
species  of  the  genus  A  cams.  Of  this  report  Mr.  Crosse  has 
much  reason  to  complain,  for  it  is  dictated  by  an  unenqui- 
ring  scepticism,  scarcely  less  than  disgracefrd  to  those  who 
call  themselves  scientific  observers. 

With  regard  to  the  origin  of  the  insects  neither  Mr. 
Crosse  nor  any  of  the  scientific  gentlemen  who  have  seen 
the  animals,  have  ventured  an  opinion.  The  experiments 
hitherto  made  do  not  at  present  warrant  the  expression  of 
any  theory.    It  has  been  supposed  by  some  persons  that  the 


|<UMIN0U8   EFFECTS.  451 

insect  is  a  natiTe  of  the  water  used  by  the  experimenter,  but 
since  writing  the  account  from  which  we  have  extracted,  Mr. 
Crosse  has  succeeded  in  obtaining  the  insects  on  a  bare  pla- 
tina  wire  plunged  into  fluo-silicic  acid,  one  inch  below  the 
8ur£Bu:e  of  the  fluid  at  the  negative  pole  of  a  small  battery  of 
two  inch  plates  in  cells  filled  with  water.  This  is,  as  he 
states,  a  singular  fluid  for  these  insects  to  breed  in,  who 
seem  to  have  a  flinty  taste,  although  they  are  by  no  means 
confined  to  silicious  fluids ;  but  as  the  acid  was  procured 
from  London,  the  fact  disproves  the  supposition  to  which  we 
have  referred. 

LUMINOUS   EFFECTS. 

We  have  seen  that  the  passage  of  ordinary  electricity 
through  air,  is  always  attended  with  the  evolution  of  light. 
A  similar  appearance  is  readily  obtained  from  the  Voltaic 
battery,  provided  that  a  sufficient  number  of  plates  be  used. 
Voltaic  electricity  is  also  capable  of  producing  a  luminous 
efifect  in  its  passage  through  a  receiver,  containing  rarefied 
air.  The  cause  of  the  splendid  appearance  presented  by  the 
transit  of  electricity  from  one  charcoal  point  to  another 
under  these  circiunstances,  will  be  immediately  perceived 
from  the  observations  that  have  been  made  concerning  the 
same  phenomenon  by  ordinary  electricity.  The  Voltaic  fluid 
possesses  little  or  no  intensity,  and  on  this  account  it  cannot 
be  made  to  strike  from  one  conductor  to  another,  when  sepa- 
rated by  a  distance  of  a  few  inches ;  for  the  density  of  the 
atmospheric  air  is  sufficient  to  restrain  it.    But  when  the  in- 


rvening  lur  is  rarelied,  it  presents  less  opposition,  and  ttie 
Jblectricitf  darts  from  one  ranductor  to  the  other,  prodscing 
I  splendid  arc  of  light. 
For  the  production  of  luniinouB  effects  by  Voltaic  electri* 
I'iuty,  many  things  are  to  be  considered.  The  thickness  and 
length  of  the  conducting  wire,  the  quantity  of  electricity  to 
be  conducted,  the  temperature  of  the  wire  and  the  Burround- 
ing  medium,  the  intensity  of  the  electricity,  and  the  kind  of 
metal  employed  for  the  conduction,  have  an  influence  in 
modifying  the  efl'ects,  which  will  be  greater  or  less  in  propor- 
tion to  the  attention  paid  to  these  conditions. 

It  is  thought  by  some  persouB  that  the  Voltuc  light  wiQ 
be,  at  some  future  period,  applied  in  those  cases  where  a 
strong  and  briUiant  illumination  is  required.  This  has  been 
hitherto  prevented  by  the  rapid  exhaustion  of  the  batteries, 
and  the  necessity  of  supplying  fresh  charcoal.  One  of  these 
objections  has  been  aheady  virtually  removed,  and  the  odier 
may  be.  The  Voltaic  light  is  more  intense  than  that  ob- 
tained from  the  oxy-hydrogen  microscope,  and  if  it  could  be 
made  generally  available  would  altogether  supersede  that 
dangerous  instrument,  and  give  the  careless  instrument- 
maker  one  opportunity  less  of  defrauding  and  endanger- 
ing the  lives  of  his  customers.  One  of  these  ins 
ments  was  purchased,  soon  after  the  introduction  of  the 
present  arrangement,  by  a  gentleman  with  whom  we  have 
long  been  on  terms  of  friendship,  at  a  large  price,  &om  a 
respectable  maker.  The  instrumenl;  was  tested,  and  whs 
found  to  be  an  ill-coDStructed  apparatus,  and  scarcely  safe 
for   any   person  to  use;  it  was,  in  fact,  so  made  that  a 
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apprentice  boy  of  fifteen  years  of  age  might  have  been 
ashamed  to  call  the  work  his  own.  We  would  strongly 
caution  our  readers  against  the  instruments  usually  vended, 
— ^they  are  made  to  enrich  the  maker^  and  are  for  the  most 
part  unfit  for  use.  Hundreds  of  them  have  been  made 
and  sold,  but  we  doubt  if  many  of  the  purchasers  can  use 
them  with  confidence.  We  repeat  again,  and  with  a  cer- 
tainty that  our  opinions  will  coincide  with  those  of  the  per- 
sons who  are  accustomed  to  use  the  oxy-hydrogen  micro- 
scope, they  are  troublesome  and  dangerous,  ill-constructed 
and  inefficient.  If  the  reader  should  require  one  for  his  own 
use,  it  may  be  made  under  his  superintendence,  and  in  a  care- 
fol  and  proper  manner.  It  will,  however,  be  well  when  the 
I  instrument  can  be  done  away  with  altogether,  and  the  Vol- 
[  taic  light  be  employed  in  its  stead.  Should  electricians  suc- 
;  eeed  in  using  this  agent  for  such  a  purpose,  it  will  also  be 
well  suited  for  light-houses,  and  also  perhaps  for  the  illu- 
mination of  large  buildings. 


HEATINO   EFFECTS. 

The  calorific  effects  of  Voltaic  electricity  are  far  greater  than 
those  of  the  electrical  battery;  and  there  is  a  singular  difference 
between  the  operation  of  the  two.  In  the  case  of  ordinary 
electricity,  calorific  effects  are  never  produced  except  when 
the  restoration  of  the  electric  equihbrium  is  suddenly  pro- 
duced ;  and  there  is  reason  to  beUeve  that  the  rise  of  temper- 
ature is  even  then  greatly  attributable  to  the  mechanical 
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concussion  of  the  particles  of  the  conducting  body.  Bif 
Voltaic  electricity  produces  the  effect  by  the  mere  passage  «f 
the  electricity  through  conducting  bodies  when  the  circcdt  ii 
complete.  If  a  fine  iron  wire  of  moderate  length  be  madi' 
the  medium  of  connexion  between  the  poles  of  a  large  bid* 
tery,  it  may  be  ignited  to  fusion.  Steel  wire  bums  brilliant 
under  the  same  circumstances.  Nor  is  there  any  limit  1» 
the  evolution  of  heat  as  long  as  the  battery  maintains  III 
power.  The  effects  in  this  instance  would,  therefore,  appetf 
to  be  the  result  of  the  mere  passage  of  an  equal  and  conti- 
nuous current  of  the  electric  fluid,  and  must  be  traced  ti^ 
its  direct  influence  in  raising  the  temperature  of  the  conduct- 
ing body,  and  not  to  the  agency  of  mechanical  concus- 
sion. 

The  order  in  which  metallic  wires  are  raised  to  a  red  belt 
by  Voltaic  electricity,  was  determined  by  Mr.  Children  widi 
his  large  battery,  to  be,  platina,  iron,  copper,  gold,  zinc,  and 
silver.  From  the  experiments  made  by  this  gentleman  upon 
the  metal  conductors,  he  was  led  to  the  discovery  of  the  law, 
that  the  facihty  with  which  the  metals  are  ignited  vary  in-  ! 
versely  as  their  conducting  power  for  electricity. 

The  heating  action  of  Voltaic  electricity  may  be  exhibited 
upon  the  leaves  of  metals,  with  considerable  effect.  When 
they  are  made  the  medium  of  communication  between  the 
poles  of  a  powerful  battery,  they  are  deflagrated,  bumiiig 
with  great  brilliance.  Gold  leaf  biuns  with  a  vivid  white 
light,  tinged  with  blue ;  silver  with  an  emerald  green ;  cop- 
per with  a  bluish  white  light. 

When  a  slender  iron  wire  is  connected  with  one  pole  ef-a  ,. 
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powerfol  Vohaic  battery,  and  iti  end  m  brought  UiU)  con* 
Cict  with  the  surface  of  mercury  amntdttl  with  the  otiier 
pole»  a  lavid  combustion  of  both  the  wire  and  tnr.rairy  In 
produced,  sparks  being  thrown  out  in  tvtry  direction,  an 
nyv  emanating  from  a  star. 

Hie  power  of  a  Voltaic  battery  in  the  prodiirtion  of  hitfit, 
depends  upon  the  quantity  of  electricity  that  iN  trHiinfiiiiUd 
duough  the  wire,  rather  than  itn  intrnNity.  'Ilie  uum\tfr  of 
allemations  has,  therefore,  but  little  U>  do  with  the  lKriitiri|| 
power  of  the  battery,  if  a  large  surface  he  o\fin\uftl  It 
was  for  this  reason  that  Dr,  Hare  conNtrurte<l  an  InNtru* 
m«nt  of  a  single  pair  of  plates,  and  from  its  great  hi^athig 
power  called  it  a  calorimoter.  A  single  |iair  of  WollaNUin 
plates  will  exhibit  the  same  fact,  being  ca)mtile  of  developing 
sufficient  heat  to  increase  the  temjNsrature  of  a  Ninall  jilatl- 
num  wire  to  redness. 


caaMicAL  arracTS. 

Among  all  the  effects  obtained  from  electricity  when  act* 
ing  upon  bodies,  none  are  more  singular  than  the  production 
of  chemical  changes.  It  is  more  than  probable  that  neither 
the  composition  nor  decomposition  of  compound  NubstanceN 
can  be  produced  without  the  agency  of  electricity  i  and  it 
may  be  doubted  whether  a  change  of  state  can  be  effected 
without  a  development  of  the  same  agent.  In  the  vaporisa- 
tion of  water  for  instance,  electricity  is  given  out,  as  may  be 
easily  proved.  Take  a  small  tin  vessel  containing  water,  and 
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S'l^Bce  it  upon  the  cap  of  a  gold-leaf  electrometer.  Drop  into 
a  red  bat  coal,  and  vapour  will  be  instantlj  fonncd, 
the  leaves  diverging  and  giving  evidence  of  the  preBonce  of 
electricity,  the  nature  of  which  may  be  tested  by  briDging  a 
piece  of  excited  wax  or  glass  near  to  the  apparatus.  In  all 
the  great  cbanges  produced  upon  tbe  composition  of  bodiei 
as  exhibited  on  tbe  laboratory  table,  and  in  the  theatre  of 
nature  tbe  same  agent  acta  a  prominent  part.  Tbe  greatest 
effects  are  not  however  produced  when  tbe  electricity  is  in  i 
state  of  tbe  greatest  tension,  For  the  production  of  chemi- 
cal effects  quantity  is  required,  and  tbe  Voltaic  batteryii 
better  adapted  to  this  end  than  the  machine. 

The  chemical  action  of  Voltaic  currents  was  discoveradbf 
the  late  Mr.  Nicholson  and  Sir  Anthony  Carlisle  in  the  de- 
composition  of  water,  by  placing  it  as  tbe  uniting  condnctoi 
between  the  positive  and  negative  poles  of  a  battery.  The 
effect  may  be  produced  by  making  the  metallic  wires  of  th( 
positive  and  negative  poles  to  pass  through  opposite  ends  of 
a  glass  tube  tilled  with  water,  and  stopped  by  corks  through 
which  the  conducting  wires  enter,  the  ends  being  brought 
to  ivithin  about  a  quarter  of  an  inch  from  each  other.  Or 
the  conducting  wires  maybe  brought  toa  vertical  tube  under 
a  simUar  arrangement ;  but  in  both  cases  tbe  prinnple  u  & 
same,  an  intermediate  stratum  of  water  being  acted  upon  fa? 
tbe  electric  current. 

Now  there  are  two  cases  of  (Jecomposition  of  water,  dtit 
is  to  say,  both  tbe  gaseouR  elements  may  be  obtained  in  tiwa 
liberated  state,  or  one  (hydrogen)  may  be  collected  in  ill 
gaseous  form,  and  the  other  united  to  one  of  the  solid*. 
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There  an  aim  two  conditions  of  the  conducting  wireR  which 
wiU  cause  the  above  results,  according  as  the  one  or  the  other 
obtains. 

1.  If  the  wire  connected  with  the  positive  pole  of  the 
battery  be  formed  of  an  oxidable  metal ;  the  oxygen  set  free 
by  the  electrical  action  will  unite  with  it,  and  oxidate  it, 
bubbles  of  hydrogen  gas  arising  at  the  same  time  from  the 
wire  ofthe  negative  pole.  Under  this  condition,  only  one 
of  the  elements  of  water  can  be  collected. 

8.  If  neither  of  the  wires  be  oxidable,  then  both  the  gases 
may  be  obtained  by  a  proper  apparatus,  the  oxygen  being  in 
this  case  left  free,  from  want  of  a  substance  with  which  it 
may  combine. 

But  in  the  early  experiments  made  upon  the  decomiKMi- 
tkm  of  water,  it  was  observed  that  an  acid  was  always  formed 
at  the  end  of  the  conducting  wires,  and  an  alkali  at  the  other. 

0 

lliis  was  observed  both  by  Cruickshanks  and  Professor  Pfaff, 
who  ascribed  the  origin  of  the  substances  to  the  dccomiKmi- 
tkm  of  atmospheric  air  contained  in  the  water,  the  nitrogen 
ofthe  air  combining  with  the  oxygen  of  the  water  on  the  one 
haind,  forming  nitric  acid;  and  with  the  hydrogen  on  the 
other,  forming  ammonia.  Desormes  and  Simmer  also  ol)- 
tained  traces  of  acid  and  alkali,  but  supposed  them  to  be 
muriatic  add  and  soda.  From  these  singular  results  it  was 
imagined  that  muriatic  acid  and  soda  were  actually  generated 
by  the  Voltaic  current.  The  opinions  of  Desormes  and  of 
Simmer  were  afterwards  supported,  and  as  it  were  proved, 
by  a  communication,  in  the  Philosophical  Magazine  for  1805, 
purporting  to  have  been  written  by  a  Mr.  Peel  of  Cambridge. 
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In  this  paper  it  was  stated  that  every  precaution  being  taken 
to  obtain  pure  water,  that  which  remained  after  the  decom- 
position of  a  large  quantity  by  Voltaic  electricity,  yielded  a 
small  amount  of  miuiate  of  soda,  on  evaporation.  Inquhy 
was  afterwards  made  to  find  the  writer  of  this  article,  but  as 
no  person  bearing  the  name  attached  to  the  article  could  be 
heard  of,  it  has  generally  been  considered  as  an  attempt  to  im- 
pose on  the  scientific  world;  for  what  reason  we  cannot  ima- 
gine, as  the  experiment  was  found  to  succeed.  But  it  was  still 
to  be  determined  from  what  source  the  muriate  of  soda  was 
obtained.  Theories  were  not  wanting,  but  they  all  appeared 
unsatisfactory,  imtil  Davy  commenced  the  examination, 
which  ultimately  led  him  to  the  discovery  of  the  bases  of  the 
alkalies,  and  those  other  brilliant  results  which  have  given 
honour  to  his  name,  and  have  made  him  one  of  the  boasts 
of  Englishmen. 

Davy  soon  discovered  that  the  miuiatic  acid  found  in  the 
water,  owed  its  appearance  to  the  animal  or  vegetable  matter 
employed  in  connecting  the  vessels  containing  the  water ;  for 
when  the  fibres  of  cotton  were  washed  after  every  process  in 
a  weak  solution  of  nitric  acid,  the  presence  of  the  muriatic 
acid  in  the  water  became  less  easily  detected,  and  at  last 
almost  entirely  disappeared. 

This  discovery  very  naturally  led  to  a  suspicion  that  the 
soda,  in  like  manner,  was  produced  by  the  decomposition 
of  some  part  of  the  apparatus,  and  Sir  Humphry  at  last 
traced  it  to  the  decomposition  of  the  glass  vessel,  at  its  point 
of  contact  with  the  wire,  which  was  considerably  corroded. 
By  employing  agate  cups,  and  using  very  great  precautions 
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to  obtam  Wilier  diemkdlT  pant.  If0]i:'&if-Kafl  uc  idiaiL  wnun 
loety  and  oxjgm  md  lijdmpji,  laii:  tin;  fwanmn»  1/  -wavr. 
were  the  prodncta. 

During  the  proem  at  like  ciiiiiji  1  ■'■iww  txae  jst  at  rLufnt 
resultSy  Davy  diaeorered  i^ac  n.  tsit  Cmuni^rjiiciuL  */  ui^ 
neutral  nh  contained  is  1^  waue9m»  wJxi^'Ml.  isn  icii  "nst 
oolleGted  roond  tfaepoaDrtOr  funrsn&iiC  izissliJxa'.  «iiiribi!3h.  taii 
the  alkali  roond  the  nqgaiiit.  T^xii»  jf  k  Muncira  uT  fiui^iue^  ".tf 
soda,  or  any  other  nratrh]  Kbtut  trjosyjoui.  Ut  yiatsx^  3,  tv  v 
glaaa  or  agate  copi^  fig.  92 ;  izie  cs^it  beov  ffa&cesao  vjsfi 
filnea  of  moistened  M-lmttM :  af&e?  n  inr  bcnn  tbe  yj&sre 
cap  win  eontain  a  aohitkA  of  f^oj^jimne  aod,  and  ibe  nev^ 
tive  eiq>  a  aohition  of  wwiL  Tbe  two  rirmnmU,  ihiTtSfjn^ 
nnut  have  been  accoaDr  transzctted  thraigh  the  wider  ecm- 
tained  in  the  nwHtrned  eoiton  or  atbeitoi. 


These  results  led  Sir  Hmnphry  Davy  to  expect  that  some 
of  the  insoluble,  or  difficultly  soluble  bodies,  might,  under  the 
same  circumstances,  be  decomposed,  and  experiment  proved 
the  accuracy  of  the  opinion.  Thus  two  cups  of  compact 
sul^^iate  of  lime,  containing  pure  water,  were  connected  toge- 
ther by  fibrous  sulphate  of  lime  moistened  with  water,  and 
the  wh(^  so  arranged  as  to  form  a  part  of  the  Voltaic  cir- 
cuit. After  about  an  hour  it  was  found  that  the  cup  con- 
nected with  the  negative  wire  contained  an  almost  pure  and 
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saturated  solution  of  lime,  while  that  united  with  thi 
wire  contained  a  moderately  strong  solution  of  e 
acid.  Other  substances  of  the  same  character  w 
with  equal  success,  such  as  the  sulphate  of  strontiai 
fluate  of  lime. 

But  it  may  be  considered  as  a  still  more  singular 
stance,  that  the  effect  will  be  the  same  in  whateve 
the  fluid,  between  the  positive  and  negative  wire,  1 
pound  substance  may  be  placed.  If  for  instance 
be  used,  and  the  neutral  salt,  whether  earthy  or  aU 
placed  in  one,  and  distilled  water  in  the  other,  the  ti 
the  element  will  still  take  place.  If  three  cups  b 
fig.  93,  side  by  side,  connected  together  by  moistene 
of  cotton,  and  sulphate  of  potash  be  placed  in  thi 
cup,  and  blue  infusion  of  cabbage  in  the  other  two 
phuric  acid  will  collect  in  the  positive  cup,  and  re 
infusion  red,  while  the  ^ali  wiU  be  transferred  to  1 
site  cup,  and  tinge  the  infusion  green. 

Fig.  93. 


A  series  of  still  more  remarkable  circumstances 
served  by  Sir  Humphry  Davy  while  prosecuting 
quiries,  for  he  found  that  the  elements  of  compoui 
presented  to  the  action  of  Voltaic  electricity,  may  at 
conveyed  through  substances  that  have  a  strong  a 
them,  without  evincing  the  slightest  disposition 
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bine.  Let  xu,  for  instance,  arrange  three  cup*  in  a  utmn, 
joining  them  with  moistened  oAtcm.  In  the  eu|i  on  ilie 
positive  side,  and  in  the  middle  cup,  phice  the  infukion 
of  cabbage,  the  cup  on  the  negatire  nide  being  fiJJe/J  with  a 
sohition  of  sulphate  of  soda.  Let  the  arrangement  fM:  ttten 
placed  in  the  Voltaic  circle,  and  a  redness  will  utton  U  jftr- 
ceived  in  the  positive  cup,  which  proves  tliat  the  sulphurii' 
add  is  actually  transmitted  through  the  infuuum  of  trabl/sge 
in  the  middle  glass,  without  producing  any  cliange  iff  voUfur. 
By  reversing  the  poles  of  the  battery,  the  sajne  transfer  of 
the  alkali  may  be  made. 

Other  experiments  might  be  perfonne^l  U>  illustrate  these 
principlea,  but  we  have  mentioned  sufficient  Ut  prove  the  gene- 
ral &ct,  that,  by  the  agency  of  Voltaic  electricity,  one  clasN  of 
bodies  comprehending  hydrogen,  the  alkaline  and  earthy 
bases,  and  all  metallic  substances  are  ciillectedat  the  negative 
pole ;  while  oxygen,  chlorine,  and  the  comfMundN  in  whic'li 
these  elements  predominate,  such  as  the  acids,  are  lirought 
to  the  positive  pole. 

Li  the  investigation  of  these  interesting  results,  Kir  lluiti- 
phiy  Davy  was  led  to  the  conclusion,  that  chemical  affinity 
is  destroyed,  by  giving  to  a  body  an  electricity  diff*ering  from 
its  natural  state,  and  that  the  affinity  b  increased  l>y  giving 
it  a  greater  quantity  of  its  natural  electricity.  From  tliis  lie 
inferred  that  all  those  bodies  which  possess  a  strong  affinity 
for  each  other,  such  as  acids  and  alkalies,  are  naturally 
in  opposite  states  of  electricity.  By  inducing,  therefore, 
upon  any  body,  an  electrical  state  contrary  to  the  natural 
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one>  tbe  two  substances  lose  their  affinities^  and  the  sub- 
stances are  decomposed.  Guided  by^this  theory^  Davy 
succeeded  in  removing  every  obstacle  to  his  invcBtigatioB, 
and  his  persevering  exertion  was  crowned  with  the  discovery 
of  the  basis  of  the  fixed  alkalies. 

It  had  long  been  supposed  that  the  two  fixed  alkalies,  pot- 
ash and  soda,  were  compound  substances,  but  every  method 
of  analysis  that  was  tried  failed  to  resolve  them  into  their 
component  parts.  But  notwithstanding  the  tenacity  with 
which  these  substances  maintained  their  combination,  they 
failed  to  oppose  the  energetic  influence  of  Voltaic  electri- 
city. 

Sir  Humphry  Davy  succeeded  in  decomposing  these  sub- 
stances in  the  following  manner.  A  piece  of  potash  being 
placed  on  an  insulated  disc  of  platina  was  connected  with 
two  hundred  and  fifty  pairs  of  plates,  six  inches  by  four.  At 
the  positive  pole  there  appeared  a  violent  eflfervescence,  and 
at  the  negative  small  globules  having  a  highly  metallic 
lustre,  and  resembling  quicksilver,  some  of  which  burst  with 
a  loud  explosion  and  bright  flame,  and  others  were  covered 
with  a  white  film.  This  substance  is  the  basis  of  potash, 
now  called  potassium,  a  metal  having  so  strong  an  affinity 
for  oxygen,  that  it  decomposes  water  burning  vividly. 

Soda  was  decomposed  by  a  similar  process,  and  was  proved 
to  have  a  metallic  base,  like  the  vegetable  alkali.  The  gas 
given  oflf  at  the  positive  pole  of  the  battery  is  oxygen,  so  that 
there  was  no  doubt  of  the  alkalies  being  respectively  the 
oxides  of  two  new  metals.  The  success  of  these  experiments 


oduced  Kr  Hiiiii|ikry  to 
arths,  and 
>ii¥ij  lie  was  at 

Dr.  Faraday,  who  bas  wyrmfal  Sir  HmMxphrr 
he  public  institiitMMi  widi  wiucli  he  w  so  loo^ 
las  contmued  the  research  he  eommaioed,  and  h%^  ^^ 

ingnlariy  successfiil  in  hie  inrcitigations.    To  gire  %w    ^^^>^ 
ract  of  his  experiments  and  opinions  woold  require  a 
pace  than  we  can  now  derole  to  the  sobject,  and  es|w^ 
s  he  has  adopted  some  new  terms  which  would  reqt^|w^^^^^ 
)lanation«     No  person,  however,  wbo  acquires  the  el^»^    ^^^ 
»f  electrical  science  win  long  remain  contented  witho^^        ^^ 
ally  studying  his  experimental  researches,  to  whid^  w^^*^ 
ompelled  to  refer  the  reader  for  farther  informatioD  ,v      ^^ 
hemical  effects  of  Voltaic  electricity.  ^® 
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To  fully  examine  the  magnetic  effect  of  Voltaic  electri  • 

nd  the  relations  of  electric  and  magnetic  currents    ^      ^ 

*     ^uld 
equire  a  large  volume ;  our  only  object  is  to  explaia  a  f 

lementary  facts. 

Arago  proved  some  years  since,  that  a  bar  of  wteel  ma 
e  magnetized  by  a  current  of  Voltaic  electricity.     If  ^  ^^^ 
ag  needle,  for  instance,  be  placed  across  a  conducting  ^| 

wiU  acquire  the  magnetic  property,  or  in  other  wordi  J' 
urity.  Supposmg  the  wire  to  be  placed  before  the  experj 
lenter,  the  zinc  end  of  the  battery  belii(^  to  biii  left  UmhiI 
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the  point  of  the  needle  most  distant  from  him  will  he  the 
north  when  ahove  the  conducting  wire^  and  south  when 
helow. 

But  there  is  another  way  in  which  a  needle  may  .he  mag- 
netized : — that  is,  hy  placing  it  in  a  spiral  conducting  wire 
or  helix,  as  represented  in  fig.  94. 

Fig.  94. 


Immediately  the  connexion  is  made  with  the  hattery,  the 
needle  hecomes  strongly  magnetic,  having  its-  north  pole 
towards  the  zinc  end,  and  its  south  towards  the  copper.  In 
performing  this  experiment  Mr.  Barlow  employed  a  glass 
tube  about  five  inches  long,  and  half  an  inch  in  diameter. 
"When  the  spiral  was  previously  connected  with  the  battery, 
the  needle  was  drawn  to  the  centre  of  the  tube,  if  so  placed 
as  to  project  considerably  beyond  the  end,  and  would  even 
remain  suspended  in  the  middle  if  the  tube  was  held  in  a 
vertical  position. 

Dr.  Faraday  made  a  very  interesting  experiment,  showing 
the  efiTect  of  a  spiral  conducting  wire  upon  a  floating  magne- 
tized needle.  Suspend  a  helix  within  a  basin  of  water,  allow- 
ing the  water  to  rise  to  its  axis.  Fix  to  a  cork  a  small  mag- 
netized needle,  and  place  it  on  the  water  near  to  the  spiral, 
in  the  front  of  which  it  will  quickly  arrange  itself  and  sud- 
denly dart  into  the  interior  of  the  tube,  and  after  a  few  vibra- 
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tions  become  stationary  in  the  centre.  The  same  pole  will 
not^  as  may  be  imagined,  enter  first  at  both  ends ; — the  posi- 
tion of  the  needle  will  be  governed  by  the  direction  of  the 
whirls  of  the  spiral,  and  the  pole  of  the  battery  to  which  it 
may  be  applied.  The  reader  must  not  suppose  that  the  effect 
is  to  be  traced  to  the  induction  of  magnetism  in  the  spiral 
wire,  for  if  such  were  the  case  the  needle  would  be  drawn 
to  one  end;  it  is  due  to  the  influence  of  the  Voltaic  cur- 
rent when  circulating  in  the  conducting  wire. 

The  influence  of  a  Voltaic  current  upon  permanent  mag- 
netism was  first  exhibited  by  Professor  (Ersted.  This  celebra- 
ted philosopher  discovered  that  the  direction  of  a  magnetic 
needle  delicately  suspended  was  influenced  by  a  current  of 
electricity  circulating  in  a  conducting  wire,  when  placed  near 
it,  whatever  the  position  might  be.  This  fact  attracted  the 
attention  of  scientific  men,  and  in  an  incredibly  short  time 
an  immense  number  of  discoveries  were  made,  and  a  new 
science,  called  Electro-magnetism,  sprung  up.  We  have, 
however,  explained  as  fully  as  our  pages  admitted  some  of 
the  elementary  principles  of  Voltaic  electricity,  and  are  com- 
pelled to  pass  over  in  silence  the  collateral  branch  of  study. 
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CHAPTER  IX. 

MAGNETIC  AND  THERMAL  ELECT RlClTlE^ 


;  magnet  is  a  third  source  of  electricity,  for  electric  D 
9  are  set  in  motion  whenever  contact  is  formed  Mil 
b:  oken  between  an  armature,  Burrounded  by  copper  wire,  and 
the  magnetic  jioles.     The  identity  of  these  currents  vnlh  the 
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llectricity  of  the  macMne  and  battery  is  proved  by  the  [iro- 
Auction  of  B  spark,  the  heating  of  metalhc  niree,  (.-hemjcai 
decomposition,  and  other  effects  comtnonl)'  resulting  from 
^  conununicdtion  of  tliat  fluid.  To  Dr.  Faraday  we  ate 
indebted  for  the  discovery  of  magnetic  electricity,  by  obtain- 
ing the  spark.  It  was  at  first  thought  to  differ  from  Ixith 
common  and  Voltaic  electricity,  having  neither  the  intensity 
df  the  one,  nur  the  i)uantity  of  the  other  i  it  wag  indeeil 
doubted  whether  it  had  any  degree  of  tension  until  M.  Pixii, 
bjr  the  use  of  an  ingenious  apparatus,  succeeded  in  obtaiD- 
jng  a  considerable  divergence  of  the  gold  leaves. 

As  Boon  as  it  was  proved  that  electric  currents  could  be 
disturlKd.and  set  in  motion  by  magnets,  an  attempt  was  made 
to  construct  an  instrument  by  which  the  electricity  could 
he  concentrated.  Mr.  Saxton  was  the  most  8UceeB§ful.  His 
instrument  consists  of  powerful  horse. shoe  magnets  placed 
an  a  horizontal  position.  Ooae  to  the  poles  of  the  magnet 
there  is  fixed  an  iron  armature,  bo  formed,  that  its  two  ends 
may  be  brought  into  contact  with  them.  The  armature  it 
tnuTounded  by  two  or  more  pieces  of  copper  wire  covered 
with  silk  for  insulation,  each  half  being  bound  by  a  aejiarate 
wire.  The  ends  of  one  wire,  or  seta  of  wires,  are  connected 
-with  a  metallic  disc,  which  may  be  made  to  dip  into  a  cup 
containing  mercury.  The  ends  of  the  other  wire  are  fastened 
ito  a  slip  of  copper,  so  that  when  the  armature  is  put  into  a 
TOtatory  motion  by  a  suitable  wheel  the  points  may  alter- 
nately dip  into  the  mercury,  the  circumference  of  the  disc 
being  constantly  immersed.  It  is  in  this  way  that  the  cur- 
rent induced  by  an  alternate  contact  of  the  armature  is  con- 
nh3 


L  veyed  away,  the  circuit  being  completed  every  time  the  point 
touches  the  mercury.  This  LnBtrumeot  has  been  wifli  pro- 
priety called  the  magnetic  machine. 

The  construction  of  perfect  philosophical  instrnmentB 
must  always  he  a  work  of  time,  for  it  is  aeldom,  if  ever,  thai 
the  original  inventor  produces  it  in  its  best  form,  or  with  its 
most  complete  arrangements.  We  may  therefore,  wilhoul 
detracting  from  the  merits  of  Mr.  Saxton'a  arrangemeot, 
give  the  preference  to  the  magnetic  machine  recently  io- 
vented  hy  Mr.  Clarke  of  the  Lowther  Arcade.  There  at 
many  reasons  which  induce  us  to  prefer  bis  arrangement  *s 
best  suited  for  the  use  of  the  experimenter,  and  especially  ibe 
ajiplicatinn  of  a  method  by  which  the  use  of  mercury  ii 
avoided,  and  separate  armatures  may  he  applied,  the  one  (tR 
effects  resulting  from  quantity,  and  the  other  for  intenBlj 
By  this  instrument  all  the  most  important  esperiments  io 
magnetic  electricity  may  be  performed.  We  shall  now  en- 
deavour to  describe  the  machine  and  its  appUcation  iniEns- 
trating  the  electrical  effects. 

The  figure  at  the  commencement  of  this  chapti 
sentatioD  of  Mr.  Clarke's  magnetic  machine,  but  it  wiH' 
better  described  from  fig.  9S.     A  is  a  battery  of  six  hof* 
shoe  magnets  placed  in  a  vertical  position  against 
gany  board  B,  supported  by  a  stout  bar  C,   through  wl 
a  bolt  is  passed,  firmly  connecting  it  with  the   back! 
The   object  of  the  inventor  in  this  arrangement  is,  U' 
cure  an  easy  method  of  removing  the  magnets,  aod 
justing  the 
those  vibrations 
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I  would  he  liable  to  disarrange  the  apparatuB. 

'  ture,  which  screws  into  a  brass  mandril  between  the  poles  itf 
the  magnetic  battery,  and  motion  is  given  to  it  by  the  i 
tiplying  wheel  E.  Two  armatures  are  provided,  one  called  the 
intensity,  and  the  other  the  quantit)-,  armature.  The  former 
siBta  of  two  coils  of  fine  insulated  copper  wire  fiflKii 
hundred  yards  long,  coiled  on  cylinders,  the  commencement 
of  each  coil  being  soldered  to  the  armature  D.  The  quantity 
armature  is  attached,  in  the  same  manner,  bitt  the  coils  ot 
each  cylinder  are  only  twenty  yards  long.  K  is  a  hotloT 
.SB  cylinder  attached  tc 

e  spring  pressing  against  the  cylinder  K  at  one  end,  and 
kept  in  metallic  contact  by  a  screw  with  the  brass  pliLte  M, 
wliich  is  lixed  to  a  wooden  block  L.  P  is  a  square  brass  \ 
pillar  fitting  into  the  brass  plate  N,  which  ia  similar  to  t 
represented  to  view,  and  marked  by  the  letter  M,  1 
pillar  may  be  raised  to  any  height  that  may  be  required  for 
experiment.  H  is  the  break-piece  forming  a  part  of  the 
cylinder  K  j  and  Q  is  a  metal  spring  that  rubs  upon  it,  a 
feet  metaUic  contact  being  maiot^ned  by  the  metallic  screw 
at  the  end  of  the  pillar  P.  T  is  a  piece  of  copper  n 
necting  the  brass  plates  M  N.  Now  it  will  be  perceived  that 
D  H  Q  P  M  are  all  in  connexion  with  the  commencement 
of  each  coil,  and  K  O  M  with  the  termination. 

Such  is  the  construction  of  the  magnetic  machine,  and  wi 
may  now  proceed  to  describe,  following  as  nearly  as  possible 
Mr.  Clarke's  account,  the  experiments  which  may  be  made     I 
with  the  separate  armatures.    The  intensity  anDature  is  J 
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ctucflf  lued  to  exhibit  chemical  decoropoiitioiu  anil  tn  i(iv» 


The  decompomdon  of  water  ia  a  ikvrarite  Miil  UltutrHlivr 
eihibitioii  of  the  decompoaing  power  of  electricity.  Wnter 
is,  as  already  stated,  in  a  former  part  of  thi«  work,  a  rwii- 
pound  subBtance  formed  &om  the  cbemica]  union  at  the  two 
tiaae*,  oxyfgeD  and  hydngfln.    Ia  rcaolving  thia  compiiiinil 


i 


its  elementaiy  aeiifonn  constituents,  the  gaMi 
may  be  collected  ^;her  in  the  same  or  separate  Tesseb,  bf 
the  use  of  suitable  instmmeDts ; — both  these  methods  ttaj 
be  exhibited. 

Fig.  96,  represents  the  inetrvinietit  firr  coUectiiig  the  gam 
in  the  flame  tube,  A  is  a  glass  vessel,  to  which  is  fitted  ■ 
piece  of  liard  wood,  throDgh  which  thin  platinum  nires  ue 
fixed,  enlering  the  open  end  of  the  tube  B,  wluch  is  henne- 
tically  sealed  at  the  top.  C  is  a  cork  supporting  the  tobe 
B,  which  is  filled  with  acidulated  water.  When  the  ioBtra- 
ment  is  put  in  motion  and  the  wire  Q  is  made  to  nib  ifca 
the  cylindrical  part  of  the  break  H,  the  magnetic  electtidQ' 
is  given  ofi^  and  conducted  by  the  vertical  wires  which  IR 
plunged  into  M  and  N,     The  decoropositioii  is  effected  be- 
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tween  the  platinum  points,  caiuiiig  a  rapid  UMnaion  of  ths 
fnixed  gasses. 

Rg.  97,  is  an  Brrangemefit  far  obtnning  tha  iTMwn 
separate  tubes,  A  is  a  glass  veoiwl  with  twii  lutMs  amni(Ml 
in  the  manner  already  described,  except  that  tba  platinum 
wires  enter  the  separate  a)>erture«,  nnti  ar«  diniucttil  wilk 
the  two  small  cups  A  6  which  contain  murcury,  anil  wg 
united  with  M  and  N  by  copper  wire*,  ('  anil  1}  urn  pL 
of  plutina  attached  to  copper  wires  by  which  tb«y  am  milled 
with  M  and  N.  If  a  piece  of  tiirmrrir  [inpFr  wntlail  wtth 
some  neutral  salt  be  placed  between  them,  tliii  dKCiiin|NMitif>n 
may  be  easily  exhibited  by  the  rhangc  of  ciiloiir  whidi  will 
result  from  the  octbn  of  the  electricily. 


The  physiological  effects  of  the  magnetlt  ■l«rtricity  upon  I 
the  living  body  may  be  exhihited  liy  ailnptlng  tho  HrrollKfc  I 
ment  in  fig.  Sa.     R  and  S  arc  two  braxx  coniliidora,  or 
which  is  connected  with  the  pktc  N,  and  thn  othar  plaowl 
in  the  small  hole  at  the  end  of  the  hraim  stem,  which  r*rrlH 
the  break  piece.     When  M  and  N  arc  united  by  a  coplMf 
wire  T,  and  the  person  to  be  experimented  on  nhnll  gru*])  tiM 
cylinders  R  and  S,  violent  nhucks  will  Iw  DufTorod  lmmii4U  J 
ately  the  multiplying  wheel  is  put  into  motion.  Another  wt| 
of  performing  this  ei|«riment  is  to  place  the  conductors  i| 
two  separate  basins  containing  salt  and  water,  anil  t(i  linincrM 
one  hand  in  each  basin ;  this  method,  says  Mr.CUrke,  la  Ui  1m 
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preferred,  as  it  leavtB  the  peraon  who  is  electrified  the  poirer 
of  quitting  when  he  pleases.     Not  go  with  the  conducton, 
,    for  the  muscles  of  the  arm  contract  violentlf,  so  as  to  cloic 
the  hands  completely. 

With  the  quantity  armature  we   may   obtain  lumiiUHU, 
I    calorific,  and  mHgnetic  effects,  and  also  exhibit  rolatlDiu 
lar  to  those  obtained  by  Voltaic  electricity. 


Fig.  Q8  represents  the  method  of  scintillating  iron  wire.  A 
e  a  piece  of  wire  firmly  attached  to  the  pillar  P,  fig.  95,  ind 
s  soon  as  the  instrument  is  put 
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■'■■ -V 
in  motion^  and  the  disengaged  end  of  tlievire  k  pmsed  upon 

the  rotating  armature^  brilliant  scintillations  wfflbt  given  off. 
This  efiect  we  are  informed  is  entirely  produeed  by  toldering 
the  wires  of  the  coils  to  the  armature^  a  process  winch  at 
one  time  was  supposed  to  destroy  the  effect  of  the  instru- 
ment. 

The  arrangement  represented  in  fig.  99*  shews  a  method 
by  which  the  various  metals  may  be  deflagrated  so  as  to 
produce  the  various  colours  which  distinguish  them.  The 
break  is,  in  this  instance,  removed,  and  a  brass  piece  B  sub- 
stituted. A  wire  of  any  metal  C  is  connected  with  the 
pillar  in  the  manner  already  explained,  and  the  extremity  of 
the  spring  Q  is  formed  of  the  same  metal.  When  the  ma- 
chine is  put  into  motion,  bright  sparks  will  be  produced, 
varying  in  colour  according  to  the  metal  that  is  used. 

Fig.  99. 


As  the  magnetic  machine  is  able  to  scintillate  iron  wire,  it 
may  be  readily  supposed  that  it  is  capable  of  heating  thinpla* 


tweea  the  ends  above  the  u 

and  the  opposite  end  of  one  wire  is  connected  with  the  pillar 
&s  before  described,  and  that  of  the  other  is  placed  in  the 
BmaU.  hole  at  the  end  of  the  cjUnder.  Almost  a; 
electricity  is  generated,  the  platina  gives  evidence  by  its 
luminosity  of  the  effect  of  the  magnetic  electricity.  When 
the  wire  is  red  hot,  gunpowder,  ether,  or  any  other  inflam- 
mable substance  may  be  ignited  by  it. 

The  ignition  of  charcoal  points,  which  is  so  beautiful  an 
experiment  in  Voltaic  electricity,  may  be  readily  perfomwd 
with  the  intensity  armature  of  the  magnetic  machine.  A  and 
B  are  two  directors  similar  to  those  used  in  common  elec- 
tricity, except  that  the  wires  proceeding  from  the  plate  N  M, 
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^,  97,  pass  through  glass  handles.  Charcoal  points  are 
attached  to  the  ends  of  the  wire,  and  when  brought  near  to 
each  other,  the  machine  being  in  action,  a  brilliant  star  of 
light  is  produced. 

Fig.  101. 
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It  was  long  afiter  the  discovery,  and  even  the  investigation 
of  Voltaic  electricity,  that  Professor  Seebeck  noticed  the  ex- 
istence of  electric  currents  arising  from  an  unequal  temper- 
ature in  metals.  He  found  that  when  a  brass  wire  was  coiled 
round  the  ends  of  a  bar  of  antimony,  and  heat  was  applied 
at  one  extremity,  magnetic  action  was  developed.  It  was  at 
first  supposed  that  this  effect  was  due  to  some  peculiarity  in 
the  metal  itself,  but  a  few  experiments  proved  that  it  be- 
longed to  the  metals  as  a  class,  altogether  independent  of 
their  nature,  contact,  juncture,  and  even  of  the  coil  or  helix 
that  was  formed.  The  only  condition  required  was  a  perfect 
series  of  conductors. 


i 
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Reasoning  from  the  analogy  of  the  galvs 
Professor  Cummings  in  his  Report  on  the  science,  nail 
before  the  British  Association,  "  it  ini{(ht  hare  been  imaginn] 
that  OS  three  elements  were  necessary  in  the 
metallic  elements  with  heat  acting  tlie  part  of  the  third, 
might  be  required  in  the  other ;  but  it  appeared  from  the 
earliest  experiments,  that  a  metallic  bar,  heated  in  contact 
with  the  siune  metal,  gave  considerable  deviations  to  the  gttl- 
vanometer  needle,  and  therefore  tiiat  one  metal  alone  sufficed 
for  the  development  of  thermo-electricity." 

'om  the  experiments  of  Yelin  and  other  philosophen 
thermal  electricity  of  a  single  metal,  it  is  quite  evident 
any  roetallic  substance  unequally  heated  becomes  ibe 
lum  of  transmission  to  electric  currents  excited  with 
■it.  The  magnetic  effects  which  are  produced,  are  only  «* 
dences  of  their  presence ;  and  judging  from  the  effect  upon 
tbe  magnetic  needle,  it  appears  that  the  metats  may  be 
arranged  in  Ihe  following  order — bismuth,  antimoay,  t 
>«ilver,  platina,  copper,  brass,  gold,  tin,  and  lead- 
in  tiie  year  1831,  Mr.  Sturgeon  pubbahed  an  extensive 
id  curious  series  of  experiments  on  the  thermo-electric 
|iroperties  of  single  metals,  by  which  it  was  proved  that  the 
of  the  electricity  to  or  from  the  heated  point  de- 
pends upon  some  pecuUarity  of  constitudan,  which  the  ii 
tigatur  sought  for  in  vain.  This  experimentalist  also  di«- 
in  the  same  metal  the  course  of  the  current 
•depended  greatly  upon  the  Hgure  it  assumed,  ^Vhenevei 
is  unequally  heated,  its  electrical 
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One  of  tlie  most  characteiistic  distmctions  of  electrici^  is, 
almost  instantaneous  transmission  through  eoUd  con- 
ductors of  great  length.  Mr.  Frideaux,  in  his  examination  of 
the  question, — Is  there  any,  and  what  difference  hetween  lb«T 
thermo-electricity,  and  that  derived  from  other  soutcmI  rnoi 
takes  this  fact  as  one  means  of  closely  testing  the  identity  d  ,,» 
the  currents  produced  in  metals  by  heat  with  the  etectrit 
agent.  Fifty  feet  of  iron  wire  (one  of  tlie  worst  metallic 
conductors)  were  cut  into  two  lengths,  and  connected  with 
a  magnetest.  "  A  thermo-electric  pair  of  antimony  and  bis- 
muth liad  their  feet  dipped,  lirst  into  the  mercury  boxes  of 
the  magnetest,  which  produced  a  deflexion  of  80°,  and 
then  removed  into  the  other  hoxes  at  the  end  of  the  wires,  by 
which  the  deviation  was  reduced  to  15° ;  the  tnterpoffltion  of 
the  iron  wire  between  the  excited  metals  and  the 
withholding  four-liftha  of  the  deviation ;  yet  was  ' 
taneous  movement  of  the  needles  aa  evident  in  t 
in  the  other.  So  far  then  as  promptitude  of 
through  long  wires  is  a  distinction,  theimo-eleclricity  does 
not  differ  from  the  other  kinds." 

All  the  effects  produced  by  ordinary  and  Voltaic  electrintj 
have  now  been  obtained  with  the  thermo-electric  currents, 
though  philosophers  were  long  foiled  by  the  small  intaoMty 
of  the  fluid  {  and  this,  as  supposed  by  many  electricians,  a 
almost  the  only  difference  between  the  Voltaic  and  themul 
electricities. 

The  theory  we  have  adopted  to  explain  the  production  of 
electricity  by  other  causes  is  equally,  or  if  possible  more,  ap- 
plicable to  that  of  which  we  are  now  speaking.    The  whole 
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material  world  is  in  a  great  degree  mider  the  influence  of  elec- 
tricity.  All  substances  contain  a  certain  amount,  if  we  may 
00  speak,  of  the  electric  agent,  and  none  of  the  alterations 
they  suffer  in  constitution  or  in  form  can  separate  it 
from  them,  although  its  quantity,  intensity,  and  effects 
may  be  changed.  If  we  rub  a  substance,  its  electrical  con- 
dition is  disturbed,  and  the  agent  itself  is  set  free ;  if  we  brin^ 
it  in  contact  with  some  other  substance  or  cause  it  to  exert 
a  chemical  action,  the  same  agent  is  produced,  but  by  what 
means  the  want  of  equilibrium  is  provided  for,  we  are  at  pre- 
sent quite  unable  to  state. 

When  the  attention  of  scientific  men  was  entirely  devoted 
to  the  investigation  of  that  electricity  produced  by  friction, 
there  was  a  long  discussion  upon  the  nature  of  the  agent ; 
some  maintaining  that  it  was  a  single  fluid  capable  of  exist- 
ing in  different  states  which  they  called  plus  and  minus,  and 
others  imagining  that  there  were  two  fluids  having  opposite 
and  contrary  qualities.  The  electricians  of  the  present  day, 
finding  themselves  surrounded  by  innumerable  difliculties  in 
every  investigation,  have  forgotten  their  former  feuds,  and 
devote  themselves  with  great  energy  to  discover  the  effecte, 
without  violently  defending  their  opinions  as  to  the  nature 
and  constitution,  of  the  agent.  The  science  of  heat  has  been 
studied  for  a  long  period  of  time,  but  we  are  now  as  unable 
to  answer  the  apparently  simple  question, what  is  it  ?  as  were 
the  earliest  investigators.  So  it  is  probable  we  may  pur- 
sue oui^  enquiries  for  ages  to  come  into  the  effects  and  ope- 
rations of  electricity  without  knowing  anything  of  its  physical 
constitution.    There  is  no  substance  in  which  it  does  not 
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ence  of  points  in  conduction  of, 
339;  ligntning  conductors,  340; 
distribution  of  free  electricity, 
342 ;  dissipation  of,  345 ;  induc- 
tion and  accumulation  o^  347— 
349,  357;  the  Leyden  jar,  350, 
394;  Harris's  Leyden  jar,  355 ; 
Stuiveon's,  356 ;  the  electropho- 
rus,  357 ;  electroscopes  and  elec- 
trometers, 358 — 372;  electrical 
balance,  371 ;  the  proper  philo- 
sophical instruments,  373 ;  elec- 
trical light,  and  its  orinn,  374, 
381;  luminous  words,  376;  lu- 
minous experiments,  377;  Davy's 
opinions,  382 ;  heat  from  elec- 
tricity, 384,  453;  chemical 
effects,  385,  455 ;  action  of,  on 
gases,  386;  decomposition  of 
water  by,  (with  experiments,) 
387—390;  magnetic  effects  o^ 
390 ;  Franklin's  experiments, 
391 ;  physiological  effects  of, 
392,  443;  animal  bodies  vari- 
ously affected,  393,  443;  small 
animals  killed  by  a  shock,  tft. ; 
action  on  the  nervous  system, 
394 ;  best  papers  on  the  science, 
395 ;  Voltaic  electricity  and  bat- 
tery, 318,  396,  433;  plvanism, 
398;  animal  electricity  of  Dr. 
Valli,  401 ;  Volta's  theory,  403; 
Cruickshank's  trough,  41^,  416; 
the  Wollaston  battery,  413; 
identity  of  the  ordinary  and  Vol- 
taic electricities,  421;  Kemp's 
pile  with  mercuiT,  423 ;  Kemp's 
amalgam  pile,  42o ;  Daniell's  bat- 
tery, 430;   Mullins*  sustaining 
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battery,  432 ;  Faraday^s  remarks 
on  the  Voltaic  battery,  435;  his 
Volta-electrometer,  439 ;  Vol- 
taic electricity  a  medical  agent, 
445;  electrical  cmtallization, 
'  446 ;  production  of  insects,  »6. ; 
luminous  effects  of  electricity, 
alw  of  Voltaic  electricity,  451 ; 
proper  selection  of  instruments, 
452;  Voltaic  light,  452,453; 
Mr.  Children's  large  battery, 
454 ;  chemical  effects,  455 ;  de- 
composition of  water,  456 ;  mag- 
netic effects,  463 ;  discovery  of 
maffnetic  electricity,  467 ;  ther- 
mal electricity,  477;  electrical 
machine,  311,  328;  the  plate 
electrical  machine,  329,  330; 
electrometers  and  electroscopes, 
335,  359;  Cavallo^s  atmosphe- 
rical electrometer,  335;  Fara- 
day's Voltarelectrometer,  439; 
Henley's  quadrant  electrometer, 
360,  421 ;  Harris's,  363 ;  Cuth- 
bertson's  balance  electrometer, 
364;  Von  Hauch's  discharging, 
366. 

Eanilibrium,  condition  of,  58,  89, 
91,104, 133;  the  electric,  313, 
334.  332,  345,  453;  disturbance 
of  electric,  316. 

Equator,  the  magnetic,  293. 

Eye,  the  human,  18;  the  retina, 
19,  262;  the  optic  nerve,  20; 
anatomy  of,  258;  eye-lids,  259; 
lachrymal  apparatus,  260;  cor- 
nea and  aqueous  humour,  261 ; 
iris,  ib. ;  contraction  and  dilata- 
tion of  the  pupil,  ib, ;  inversion 
of  images  on  the  retina,  262; 
defect  of  sight,  and  blindness,  t6. 

Expansion  by  heat,  85 ;  of  water, 
1^ 


Faraday,  Professor,  285,  332, 389; 
experiments  of,  390;  battery, 
and  Volta-electrometer,  435, 
439;  investigations  of,  463,464, 
469. 

Fells,,  acute  sight  of  the  genus,  15. 


Fishes,  swimming  bladder  of,  123. 

Floating  bodies,  equilibrium  of, 
120. 

Fluidity  caused  by  latent  heat, 
54,  1*00,  197 ;  nature  of,  99, 

Fluids,  equilibrium  of,  99 ;  elastic 
and  non-elastic,  t&.,  101,  150; 
gravitation  of,  113;  conducting 
power  of  non-clastic,  219. 

Forces,  compound,  61 ;  centripe- 
tal, 66;  centrifugal  force,  68, 
103. 

Fox,  Mr.,  experiments  of,  299. 

FrankUn,  Dr.,340,391. 

Freezing  point  of  water,  202; 
freezing  of  water  by  evapora- 
tion, 207. 

Friction,  108;  development  of 
forces  by,  31 1 ;  electricity  deve- 
loped by,  315,  322,  331. 


Galileo,  71,  81, 161,  275. 

Galvani,  experiments  of,  398, 400 ; 
dead  frogs  subjected  to,  399; 
his  theor}',  401. 

Galvanism,  398 ;  the  Voltaic  cir- 
cle or  circuit,  414,  419,  420, 
435 ;  a  pile  or  battery  entirely 
vegetable,  417. 

Gases,  expansiveness  of,  99 ;  speci- 
fic gravity  of,  131 ;  condensation 
of,  173;  conducting  power  of. 

Gay  Lussac,  M.,  193. 

Gilbert,  Dr.,  322. 

Glass  permeable  to  electricity,  335. 

Glasses,  burning,  273. 

Gold,  particles  of,  47 ;  a  good  con- 
ductor of  heat,  214;  thin  leaf 
transparent,  256. 

Gravitation  and  terrestrial  attrac- 
tion, 64 ;  force  of,  65, 120. 

Gravity,  specific,  47 ;  the  standard 
of  specific,  123;  force  of,  64; 
law  of,  65  •  centre  of,  89. 

Gray,  Mr.,  322. 

Greek  philosophers,  the,  321. 

Gregory,  Mr.  James,  his  Gregorian 
telescope,  277. 

Gunpowaer,  75. 
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Hall,  Mr.,  253. 

Halley,  Dr.,  249. 

Harris,  Mr.,  355, 363,  370. 

Heat,  48,  50,  53,  99,  127,  180; 
latent  heat,  196,  201,  207 ;  re- 
pulsive force  of,  197 ;  commu- 
nication of,  208;  radiation  of, 
209,  221,  224,  225;  conducting 
bodies,  210 ;  ffood  and  bad  con- 
ductors of,  212;  sensation  of, 
213;  table  of  conductors,  214; 
conducting  power  of  lia  uids,  217; 
and  of  elastic  fluids,  219 ;  reflec- 
tors of,  223 ;  radiating  substan- 
ces, 227 — ^236 ;  absorption  of, 
230 ;  passage  of  radiatmg  heat, 
232;  its  action  on  crystallized 
bodies,  316 ;  heat  from  electri- 
city, 384, 385 ;  experiment,  384 ; 
heat  from  Voltaic  electricity, 
453. 

Hearing,  sense  of,  11. 

Herschel,  Sir  John,  experiments, 
256,  257 ;  telescope,  279. 

Humboldt,  294. 

Hydraulics,  99, 133. 

Hydrodynamics,  99,  133. 

Hydrostatics,  98, 109 ;  hydrostatic 
bellows,  117;  hydrostatic  press, 
lb. ;  natural  effects  of  hydro- 
static pressure,  118. 


Inertia,  57,  59. 

Insects,  organs  of  sight  in,  17,  18; 

production  by  electricity  of,  446. 
Iron,  a  good  conductor  of  heat, 

213 ;  influence  of  the  magnet  on, 

296. 


Kemp's,  Mr.,  pile,  the  first  appara- 
tus, 423 ;  amalgam  pile,  426. 
Knight,  Dr.,  303. 

Lardner,  Dr.,  134. 

Lenses,  246,  265,  271 ;  refraction 

by  convex,  272;  employed  as 

burning  glasses,  273;  concave, 

ib. 
Leslie,  Sir  John,  experiments  by, 

227, 228, 234. 


Light,  refraction  of,  7,  242;  rays 
of,  9, 239, 248 ;  reflexion  of,  239, 
241 ;  refraction  measured,  249 ; 
analysis  of  white  light,  250 ;  dis- 
persion of  a  ray,  25^ ;  absorption 
of,  255,  257;  polarization  of^ 
281 ;  electrical,  374;  origin  of 
electrical,  381 ;  luminous  words, 
376 ;  luminous  experiments, 
377;  the  Voltaic  Hght,  451. 

Light-houses,  electric  light  iqupli- 
cable  to,  453. 

Lightning,  3;  conductors,  340; 
effects  of,  390. 

Liquids,  98 — 102;  sur&ce  level, 
103;  pressure  of,  113;  centre 
of  pressure,  119 ;  floating  bodies, 
120;  motion  of  liquid,  133; 
through  an  orifice,  135  •  funnel 
form  of  a  stream,  139 ;  Newton's 
demonstration  thereof,  141 ;  mo- 
tion of,  through  tubes,  142; 
freezing  point  of,  202;  boiling 
point,  203;   conducting  poww 

Loadstone,  the,  283. 

McLaurin,  commentator  on  New- 
ton, 250. 

Magic  lantern,  31,  249, 273. 

Magnets,  properties  of,  283,  296 ; 
their  influence  on  soft  iron,  ^; 
magnetic  induction,  297 ;  their 
influence  on  each  other,  2^; 
formation  of,  301 ;  are  an  elec- 
tric a^nt,  319. 

Magnetism,  282,  310 ;  of  metals, 
284;  directive  force  of  the 
needle,  288 ;  terrestrial  magnet- 
ism, 294;  influence  on  watches, 
304;  magnets  destroyed  or  re- 
versed by  electrical  agents,  391. 

Magnetic  electricity,  B18,  466; 
Clarke's  magnetic  machine,  466, 
469 ;  Saxton's  instrument,  467; 
chemical  effects,  471  ;  physiolo- 
gical effects,  473 ;  luminous  and 
heating  effects,  474;  thermal 
electricity,  319, 477 ;  Dr.  Trairs 
thermo-electric  combination, 
479 ;  Prideaux's  experiment, 
480 ;  magnetic  cunents,  prodae- 
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Needle,  the,  282,  288:  xamtion 
ot,  290;  diunul  ruiaJdon.  291  : 
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inteiuitT,  294;  its  polarity  de- 
■trored  or  fe%ciBed  bv  liffhtninir. 
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Shot,  construction  of  cannon  balls, 
and  smaller,  7*2. 

Sight,  organ  of,  5, 15 — 19 ;  nature 
of^  I9~-25 ;  ocular  spectra  and 
aj)parition8,  25 — 27;  Ions  and 
short  sight,  263 ;  convex  lenses 
for  far  sight,  265 ;  concave  for 
near  sight,  ib. 

Silver,  oxide  of,  43. 

Solidification  of  liquids,  201 ; 
freezin?  point,  202. 

Sound,  the  atmosphere  the  medi- 
um of,  12. 

Space,  33. 

Specific  gravity,  the  unit  of,  125 ; 
calculation  of  specific  gravities  of 
solids,  128;  precautions,  129; 
specific  gravities  of  gases,  131 ; 
of  fluids,  ib. 

Stars,  their  magnified  appearance 
on  the  horizon,  248. 

Sturgeon's,  Mr.,  Annals  of  Elec- 
tricity, 381;  experiments  by, 
429  478. 

Sun,  the,  8,  37, 181. 

Telescope,  uses  of  the,  19 ;  metallic 
mirrors  of  reflecting,  42  ;  refrac- 
ting, 237,  275 ;  reflecting,  277 ; 
Herschers,  279 ;  achromatic,  253. 

Thermometer,  the,  194,  199;  its 
inventor,  195;  the  differential 
thermometer,  225. 

Time,  division  of,  34. 

Tonncelli,  72,  162. 

Trail's,  Dr.,  thermo-electric  com- 
bination, 479. 

Valli's,  Dr.,  experiments  in  animal 

electricity,  401. 
Vaporisation,  203. 
Varley's,  Mr.  S.,  theory  of  clock 

and  watch  making,  304. 
Vitellio  on  optics,  248. 


Yolta^s  inventions  in  electricity, 
317,  318 ;  Voltaic  battenr,  396, 
408;  galvanism,  398;  VoUs's 
theory,  403 ;  his  pUe,  4U9 :  his 
couronne  de  tasses,  410 ;  Voitiie 
arrangements,  414,  417,  419; 
Voltaic  currents,  415;  Voltak 
circle,  414,  419,  435;  Voltiie 
light,  461-453. 

Vorticella  rotatoria,  or  wheel  ani- 
malculae,  45. 

Ure,  Dr.,  zl4 ;  his  galvanic  expe- 
riments on  an  executed  male* 
factor,  444. 

Watches  and  clocks,  304. 

Water,  98 ;  passi^  in  pipes,  105, 
110;  Roman  water-pipes,  106; 
sea- water,  125;  river-water,  »&.; 
springs,  126;  distilled  water, 
125,  i26 ;  expansion  of  water, 
127,  189  ;  its  density  depends 
on  temperature,  191 ;  decompo-  , 
sition  of  by  electricity,  456,4/1. 

Water-communication,  principles 
of,  107. 

Water-wheels,  1 45 ;  overshot,  i6.  ; 
undershot,  148 ;  breast  and  hori- 
zontal, ib. 

Watt,  Mr.,  (of  Bristol,)  his  patent 
for  selection  of  shot,  73. 

Weight,  the  common  property  of 
bodies,  180. 

Weights,  70. 

Woodward,  Dr.,  247. 

Wollaston,  Dr.,  251,  317,  331, 
398;  experiments,  389;  the 
Wollaston  battery,  413. 

Young,  Dr.,  251, 263. 

Zinc,  409  ;  copper  and  zinc  platef 
of  galvanic  batteries,  412 ;  amal- 
gamated zinc,  422,  428;  expe- 
riments, 445. 
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Seychelles. 

VoL  XL— New  South  Wales,  Van  Dibmen's  Laj!^d, 
Swan  Riyer,  and  South  Australia. 

Vol.  III. — ^The  Canadas,  Upper  and  Lower. 

Vol.  IV. — The  West  Indies,  Vol.  1. — Jamaica,  Hon- 
duras, T&iNiDAD,  Tobago,  Grenada,  the  Bahamas,  and 
the  Virgin  Isles. 

Vol.  V. — ^The  West  Indies,  Vol-  2.—  Containing  Barba- 
3M>E8,  St.  Lucie,  St.  Vincent,  Demerara,  Essequibo, 
Berbice,  Anguilla,  Tortola,  St.  Kitts,  Barbuda, 
Antigua,  Montserrat,  and  Dominica. 

Vol.VJ. — Nova  Scotia,  New  Brunswick,  Cape  Bre- 
ton, Prince  Edward's  Isle,  and  Newfoundland. 
Vreparinff  for  Publication. 

Vol.  VII.-^IBRALTAR,    MALTA,    the   IONIAN   ISLANDS, 

Heligoland,  &c. 

Bengal,  Madras,  and  Bombay. 

Ceylon,  Penang,  Malacca,  and  Sincapore. 

Sierra  Leone,  the  Gambia,  Cape  Coast  Castle, 
Accra,  the  Falkland  Islands,  St.  Helena  and  Ascen- 

BION. 


FublUhed  hy  WhiUaker  tmd  Co. 


ALGIERS; 

With  Noncxs  of  the  Neighbourino  Statu  of  Babbabt. 

Bj  Perceval  Barton  Lord,  M.D.,  M.R.C.S.,  of  theBomhay 

Medical  Establishment. 

2  Tols.  post  8vo.  with  a  Map  and  View  of  Algiers,  Sli.  eloth. 


The  DOMESTIC  MANNERS  of  the  AMERICANS, 

Bj  Mrs.  Trollope,  Authoress  of  **  Tremordyn  Cliff/'  &c. 
Fourth  Edition,  2  yols.  post  8vo.  with  24  plates,  21<. 


iSiograplDSt  i^i0totSf  ^t^ 


A   GENERAL   BIOGRAPHICAL  DICTIONARY, 

By  John  Gorton. 

*^*  A  new  Edition,  brought  down  to  the  present  time. 

In  three  thick  8vo.  volumes,  tl*  2s.  cloth  lettered. 

An  Appendix  may  be  had^to  the  First  Edition,  price  8s.  sewed. 


!     BIOGRAPHIA  BOREALIS ;    ' 

Or  Lives  of  Distinguished  Northerns. 

By  Hartley  Coleridge. 

In  1  Tol.  8yo.  Illustrated  with    Portraits  from   Onginil 

Pictures,  price  16s.  cloth. 


MEMOIRS  OF  XAPOLEOX  BUONAPARTE, 
From  tiie  Vnatik  of  Bocvunnri,  Frmto  Seueiiij  to  tbe 


TkuMlitMl  lij  Jon  S.  Mens,  LLJ>. 


CoBploU  in  4  vols,  illastimted  bj  a  Poitnit  aad  Views, 

ISoio.  pnee  IQi-'eloth. 


The  HISTORY  OF  ITALY; 

From  the  FsH  of  the  Western  Empire  to  the  Commeneemeiit 
of  the  Wars  of  the  French  Rerolntion. 

Bj  Gbobcb  Pxbck7Al,  Esq. 

In  2  Isrge  toIs.  8to.  priee  SOu 


The  HISTORY  OF  THE  OVERTHROW  OF  THE 

ROMAN  EMPIRE, 

And  the  formation  of  the  principal  European  States.    From 
orig^al  sources,  Oriental  and  European,  and  comprising  the 
latest  elucidations  of  the  Continental  and  English  Antiqua- 
rians and  Scholars. 

Bj  W.  C.  Taylou,  LL.D.,  M.RA.S.,  and  F.S.S. 

In  one  yol.  13mo.  price  69,  6d,  doth. 


An  HISTORICAL  EPITOME  op  the  OLD  AN^  NEW 

TESTAMENTS,  and  part  of  the  APOCRYPHA ; 

In  which  the  Events  are  arranged  in  Chronological  Order. 

Bj  a  MsMBsn  or  tbb  Chubch  or  Ekglikd. 

b  Itmo.  a  New  Edition,  correeted  and  smeoded,  with  a 
rariety  of  Ea^imnngs,  priee  tff*  howd  and  lettMwL 


■■'     ■  I 

6  Published  hy  Wkitiakir  and  Co. 

—  ■   -   — --■    -    —  ---■    -  _— fc^— 

MY  TEN  YEARSP  IMPRISONMENT  IN  ITALIAK 
AND  AUSTRIAN  DUNGEONS. 

By  Silvio  P£llico.    Tranilated  by  Thomas  Roscox. 

The  Third  Edition.    Royal  ISmo.  6s,  elofh. 


A  MANUAL  OF  UNIVERSAL  HISTORY  AND 

CHRONOLOGY. 

By  H.  H.  Wilson,  M.A.,  Boden  Professor  of  Sanscrit^Ozford. 

For  the  ase  of  Scbooltf. 

In  12mo.  price  4«.  6d,  bomid^  and  illustrated  by  three  Maps. 

%*  This  work  diflitBrs  from  those  in  ordinary  use,  by  the 
insertion  of  detailed  notices  of  the  leading  occurrences  of 
Asiatic  History,  and  particularly  of  the  history.of  India. 


JFittiotip  ict^ 


LA  HOUGUE  BIE  de  HAMBIE, 

A  Tradition  of  Jersey. 

An  Historical  Tale,  with  copious  genealogical  and  anti- 
quarian Notes,  developing  many  minute  and  interesting^  pai^ 
ticulars  relative  to  the  Norman  Conquest ;  selected  from  the 
*'  Roman  de  Rou/'  and  other  Metrical  Romances,  and  (rook 
various  rare  manuscripts  and  ancient  documents* 

By  James  Bvlxeley,  Esq* 

Embellished    with    numerous    highly-finished    Wood    aad 
Lithographic  Engravings,  i  vols.  Ifmo.  prioe  14f«  . 


Ate-Maria  Lane^  London. 


The  FORSAKEN, 

A  Tale. 

In  2  yols.  post  8to.  price  16s. 


GILBERT  GURNEY, 

BjibeAnihorof"  Sayings  and  Doings/'  "Jact  Brag,**  &c. 

Second  Edition. 
In 5  Tols.  post  8to.  price  ^1  lis.  6d. 


LbWENSTEIN,  KING  OF  THE  FORESTS. 

A  Tale. 

Bj  the  Author  of  **  Two  Years  at  Sea." 

2  Tok.  post  8yo.,  price  18«. 


OUR  VILLAGE ; 

Sketches  of  Raral  Character  and  Scenerj. 

Bj  Mart  Russell  Mitford. 

A  new  Edition,  illustrated  hy  numerous  Wood-cuts,  in  the 
highest  style  of  the  art,  hy  Baxter. 

In  three  yolumes,  foolscap  8yo.  hound,  24b, 


The  ROMANCE  OF  ANCIENT  EGYPT. 

SMond  Series  of  the  ROMANCE  of  ANCIENT  HISTORY. 

By  John  Gunning  Seyher,  BJSl. 

In  2  yols.  poft  8yo.,  price  ^1.  It. 


Pitblitlted  bg  WhitUktr  md  Co. 
The  ENGLISH  BOY  AT  THE  CAPE: 

An  Anglo-Africnn  Story. 
By  the  Author  of ''  Keepec'e  TrETels." 
la  S  Tols.  FOjal  18mo.,  embeUiahed  with  EngiBTUigs,  piiMl 
10s.  €(2.,  hatf-bQund  snd  lettered.  \ 

I 


The  NAVAL  SKETCH-BOOK,  Second  Setits. 

By  Captain  Glabcock,  R.  N.,  Author  of  "TBlBaof»T«r,"& 


FENf 

HISTC 
I GR/ 

1: 


WHITTAKER'S 
SERIES  OF  FRENCH  CLASSIC  AUTHORS. 

In  royal  94lnii.  viUk  FToniispieca  and  Vigitetlet. 
ATALA,  par  CaATEADBHiisn ;   et  LA  CHAUMIERE  IN- 

DIENNE,  par  St.  Piebhe.     3.. 
PAUL  et  VlRtilNIE.     Par  St.  PiEiiHE.     I*.  6d. 
ELISABETH ;  ou  Les  EXILES  ea  SIBERIE.     PmMaquo 

Corrrs.     Si.  6d. 
HISTOIRE  de  CHARLES  XIL    For  Voltairb.    4i.6i1. 
BELISAIRE.     PacMiBMOMEL.     3j, 

isAVENTURESdeXELEMAQUE.    Par  Fenilok.    St. 
NUMAPOMPILIUS.    ParFtoBi.<N.    -Ii.  6d. 
LaHENRIADE,  POEME.     Par  Voltaiee.    3j. 
ESTELLE,  Pastorelle.     Par  Floeian.     2i.  fid, 
LealNCAS;  on,  ia  Deatruclion  dei'Empire  de  F£roa.     Pw 

Maemontei..    5i. 
GONZALVE  do  COHDOUE;    ou,   Granade  R«aonqaiM 

Par  Flohhk.    5s. 
GUILLAUME   TELL;    ou,    la  Suisse  Libre j    et  El 

Nepbthdi.     Par  Flobian.    Si. 
HISTOIRE  de  GIL  BLASdeSANTILLANE.    ParLsSiot 

3  torn.  10.. 
ABREGE  des  VIES  des  ANCIENS  PHILOSOPHES.   Pn 


;  RUSSIE  Hons  PIERRi!  h 


Att'Mmrm  Lamt^  Lcmdem, 
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The  BEAUTIES  OF  THE  BRITISH  POETS. 

With  ft  few  introdaetorj  Obterrstioos. 

Bj  the  Her.  G.  Croly,  D.D. 

In  12mo.  with  sereral  EngnTingi,  price  7$, 

Thb  Skono  EoinoNy  xnlarged. 


The  RURAL  MUSE.    POEMS. 

By  JoBir  Clare, 

The  NorthamptoDihire  Feassnt :    Author  of  **  The  Yillege 
Minitrel/' «  The  Sliepherd's  Calendar/'  &e. 

In  foolscap  Svc,  iUustrated  with   a  View  of  the  Poet's 
Cottage,  and  other  EmbellishmentSy  in  cloth,  price  7s. 


Natural  f^ietots  attli  <BarIieiiing« 

The  only  complete  modem  Natural  History  in  the  language. 

THE  ANIMAL  KINGDOM, 

Deteribed  and  arranged  in  conformity  triUi  its  organUatUm, 

Bt  the  late  baron  CUVIER, 
MntUr  ^  tA4  ln$tinu§  «f  Frmnet,  4^.  4c. 
Translated,  with  large  additional  Descriptions  of  all  the 
Species  hitherto  named,  and  of  many  not  before  noticed, 
and  with  other  original  matter,  by  £.  GRXPrrra,  F.A.S., 
Lieut.-Colonel  C.  Hamilton  Smith,  F.R.S.,  £.  Pidoeon, 
J.  £•  Gray,  F.RS.,  and  others. 

This  elaborate  work  is  divided  into  the  following  classes, 
each  of  which  may  be  had  separately  : — 

tUrallf*. 
cJLmnU. 


MAIiMAUA,  wtth  900  Bngnflnft , 

AVEt»  with  180  Encravinp  . 

REPnUAywUhflOBafimTlag*      • 

IMSECTA,  wltk  140  Bncnrlof  ■ 

ANNBUDA*  CBU8TACEA,  mnd  ABACR. 
NmAfWidieoKnfraTlnfa     .       . 

M0LU7BCA  and  EADIATA,  with  M  En- 
giwrtaga  .       ..... 


PIBCB9,  wttli  eo  EnffraTlofi    •      . 

VdeUL  REMAIMB,  wltk  50  EnfraTlnft 
CLAflSinED  INDEX  .       . 

Tbk  Wholi  Work  COMFLSTE 
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16 


Dtmybn, 


Bajrilv* 
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10  PiMtktd  hf  WhHtaher  mmd  Co. 


The  FEATHERED  TRIBES  OF  THE|  BRITISH 

ISLANDS. 

By  Boost  If  UDIB* 

With  considerable  Additions  and  ImproTements,  and  en- 
bellished  with  nomerons  EngiaTings  .of  Birds,  carefullj 
drawn  and  coloured  h?  the  beat  Artists,  from  real  Specimens; 
and  also  bj  various  I^igrayings  on  wood,  illustrative  of  soqie 
of  the  more  remarkable  points  in  the  Natural  History  of  Biidk 

A  New  EditioDy  in  2  Tolomes,  post  8ro.  28s.  cloth  lettered. 

Also  by  the  same  Author, 

A  POPULAR  GUIDE  TO  THE  OBSERVATION 

OF  NATURE: 

Or,  Hints  of  Indncement  to  the  Study  of  Natural  Productions 
and  Appearanoes  in  theb  Connexions  and  Relations  ;  show- 
ing the  great  extent  of  knowledge  attainable  by  the  unaided 

exercise  of  the  Senses. 

In  18mo.,  price  3i.  6<i.  in  cloth. 

And, 
-  ^       FIRST  LINES  OF  ZOOLOGY:    ^'  • 

By  Question  and  Answer.    For  the  use  of  the  Young* 
18mo.,  with  Engravings^  price  6s.  bound. 


The  ORNITHOLOGICAL  GUIDE ; 

In  which  are  discussed  several  interesting  Points  in  Orni- 
thology.    Containing  also  a  Catalogue  Raisonn^  of  the  chief 
Works  on  Natural  History,  and  a  List  of  the  Birds  of  Great 
Britain,  with  their  scientific  and  common  Names* 

By  Charles  Thorold  Wood. 
Post  8yo«,  price  5$.  cloth,  iettered*^ 


Pttblished  by  Whittaker  and  Co. 


The  BOOK   OF  BUTTERFLIES,  MOTHS,    AND 

SPHINGES. 


By  Captain  Tho! 
In  3  vols.  IBmo.  witb 

EngraringB,  price  lOi.  6d,  eioUi. 


F.R.S.,  F.L.S.,  &o. 
igb1;-«olouted  tlluitratiTg 


The  VILLA  AND  COTTAGE   FLORIST'S 
DIRECTORY ; 

Being  a  fsmiliai  TreatiBe  on  Floriculture;  pnriioularl]' the 
Munciganienl:  of  tLe  best  stage,  bed,  undberdecFIon-ers,  uiubIIt 
cuKivaled  in  Great  Britain.  To  which  aie.addod,  Direotioiu 
for  the  management  of  tbe  GreenbouBe,  Hothauae,  nod  Con- 
aerrntorj  ;  with  the  di&'eteat  moddsof  raising  and  propagating 
Exotic  PlaatB.  Interspersed  nith  maay  new  phjaiological 
obsorvBtions,  and  vatioufl  useful  lials. 
Bj  .Tames  Main,  A.L.S. 
Tho  Second  Edition,  in  fooiflcap  Gio.  price  6s.  clotii  lettered. 


The  GREEN-HOUSE  COMPANION; 

Comprising;  a  general  course  of  Green-bouse  and  Consaryalofj 
practice  throughout  the  yent;  a  natural  arrangement  of  all  the 
Green-bonse  Plants  in  ciiltiTntion ;  nith  a  descriptiFe  Cets- 
logue  of  the  most  desirable  to  form  a  collection,  their  propel 
soils,  modes  cf  projiagatioQ,  management,  and  referenoBB  to 
botanical  works  in  which  they  are  figured.  Also,  tho  proper 
of  Flowers  in  Rooms,  and  Bulbs  in  Water  Glasses. 
irithaoolouied  Frontispiece, lhe3adEdittDD,  Its. 


InBvo 


The  DOMESTIC  GARDENER'S  MANUAL; 

leing  an  Introduction  lo  Gardening.     To  which  is  added,  > 

incise  Nniuntlist'a  Calendar,  snd  English  Bot.miEt's  Com- 

anion;   or.   Catalogue  of   British  Plants,  in  the  Monthlr 

order  of  their  Flowering, 

a  8va.  illustrated  by  setsral  Engravinga,  ISi.  cloth  letti 
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FLORA  DOMESTICA; 

Or  tlie  Portable  Flower  Garden ;  being  a  familiar  Deacription 
of  all  Plants  now  cultivated  in  Britain,  with  particular  In- 
atmctiona  for  the  Treatment  of  Plants  in  pots.    Illustrated  hy 

Quotations  from  the  Poets. 

In  8yo.  price  10<.  6d,  cloth  lettered. 


A  CONCISE  AND  PRACTICAL  TREATISE 

On  the  GROWTH  and  CULTURE  of  the  CARNATION, 
PINK,  AURICULA.  POLYANTHUS,  RANUNCULUS, 
TULIP,  HYACINTH,  ROSE,  and  other  Flowers;  including 
a  Dissertation  on  Soils  and  Manures,  and  Catalogues  of  the 
finest  rarieties  of  each  Flower. 

By  Thomjis  Hogo. 

The  5th  Edition,  with  coloured  Plates,  price  Ss,  doth  boards. 


SYLVAN  SKETCHES; 

Or,  Companion  to  the  Park  and  Shrubberj ; 

Describing  ererj  variety  of  Forest  Trees  and  Arboraceous 
Plants,  with  Directions  for  Planting. 

8to.  price  10s.  6d,  cloth  lettered. 


fiStif^ttllamoM. 


A  HISTORY  AND  DESCRIPTION  OF  MODERN 

WINES ; 

With  considerable  Improvements  and  Additions ;  and  com- 
prising the  last  Parliamentary  Reports  on  French  Wines,  and 
other  statistical  information. 

By  Cyrus  Redding. 

A  New  Edition,  in  8vo.  with  Sixteen  Engravings,  price  16t. 

cloth  lettered. 


PuhlUhed  by  WhilUktr  and  Co. 


I  The  PARLIAMENTAKY  POCKET  COMPANIOS. 

Conteult ;— All  PeerBof  Parliunenl,  their  Ages,  Mutism, 
HesidHiDU,  OSoee,  Cbutcb  Palroiuige,  tte. 

LUla  of  Places  retaniing  Members,  with  their  PopnbtiaB. 
XlO  HauBes,  Asaessed  Taxes,  prevuliag  IntereBts,  &c.  and 
aaveral  particulars  connected  witli  tlie  lust  Election,  incladicf 
the  number  of  Voters  regisleradjihe  gross  Poll  Bleach  Contasi, 
and  the  Number  wbo  Toted  for  each  Candidate. 

Slembera  ot  tbo  House  of  Commonii,  their  Residences,  Pro- 
fesaiona.  Offices,  Church  Pationnge,  Polidcal  Principles  and 
Fledf-ei,  the  Places  for  wbicb  tbe;  foimeTlj  sat,  and  other 
FsrticuUri  of  their  Pablic  lifv. 

Lists  of  the  Cabinet  Ministers.  4be  chief  Fabljc  Fuoetiini- 
iriei,  Psrlinmentarj  Agents,  Officers  of  both  Houses,  Britsh 
ind  Foreign  Ambassadors,  &c. 

Also,  a  Vnrietj  of  Miscellaneons  Information  connected 
witb  the  forogoins,  and  with  the  aeveral  Poblic  Offices. 

■"        ■    le  carefully  compiled  from  Official  Docuiiii 
lersonal   Con 


froiD   tbe 
Houses. 


of  Members    of   boti 


,  andg! 


The  EXPERIMENTAL  PHILOSOPHER. 

By  WH.U.M  Mblukoeb  Hiooisa, 

Author  of   *'  The  Earth,"  late  professor  of  Natural  Philo- 

■    "    mital,  andHonorar. 

Literary  Institutions. 

lUuBtrated  bj  numerous  ^Vood.^uts,  uniform  with 

•■  The  Eartb." 

In  1  voL  TO/il  16mD.  cloth  lettered,  price  9i.  6d, 


A  DICTIONARY  of  tee  ENGLISH  LANGUAGE, 
Greatly  Improved.  The  PtrKCTTiATioM  ascBrtaioed  br  >  new, 
and  simple  notation,  To  which  are  pre5xed,  the  PrincipleB of 
Enj^lisb  Pronunciation,  and  tbe  Elements  of  Reading;  wilh 
'■■""'    Latin,  and  Soripturr       "  ------ 

DLTOit,  and  G.  Kkiout. 


PBJNCIPLES  AND  ILLUSTRATIONS  OP 
MORBID  ANATOMY; 

mortrated  by  A  COBfPLETE  SERIES  of  COLOURED 
LITHOGK/VPHIC  DRAWINGS,  from  OriginaU  hy  tho 
Author.  Adapted  to  the  Elements  of  M.  Andnl,  and  to  tba 
Cyclopsdia  of  Practical  Medicine,  with  the  laOer  of  wbioh 
it  corresponds  in  sise,  and  desinied  to  constitute  an  Appendix 
to  all  works  on  the  Practice  of  Physic,  and  to  faciliute  the 
study  of  Morbid  Anatomy  in  connexion  with  Symptoms. 

By  J.  Hops,  M.D.  F^.S.  Physician  to  the  St.  Mary-le-bone 

Infirmary,  &c. 

In  one  volume,  royal  Qro.,  5L  5#.  cloth,  lettered. 


The  SECRETARY'S  ASSISTANT ; 

Exhibiting  the  rarious  and  most  correct  Modef  of  Super- 
scription, Commencement,  and  Conclusion  of  Letters,  to 
Persons  of  every  Degree  of  Rank,  including  the  Diplomatic, 
Clerical,  and  Judicial  Dignitaries  :  with  lists  of  Foreign  Am- 
bassadors  and  Consuls.  Also  the  Forms  necessary  to  be  used 
in  Applications  or  Petitions  to  the  King  in  Council,  Houses 
of  Lords  and  Commons,  Government  Offices,  and  Public  Com- 
panies; with  a  Table  of  Precedency,  and  the  Abbreviations 
of  the  several  British  and  Foreign  Orders  of  Knighthood. 

By  the  Author  of  the  Peerage  and  Baronetage  Charts,  &o. 

In  a  pocket  volume,  the  Fifth  Edition,  5f.  cloth  lettered* 


The  BOOK  OF  FAMILY  WORSHIP ; 

Consisting  of  a  Four  Weeks*  Course  of  Prayer,  and  Prayers 
suitable  to  the  Festivals  of  the  church,  and  other  solemn  Oc- 
casions ;  together  with  general  Prayers  for  the  Church,  King, 
Clergy,  Wives,  Husbands,  Children,  Friends,  &c.  and  General 

Benedictions. 

By  the  Editor  of  the  <*  Sacred  Harp.'' 

To  which  are  added>  Jerimt  Taylor's  Sacramental  Meditations 

and  Prayers. 

New  and  enlarged  Edition,  in  post  8vo.  with  beautiful 
wood-cut  Vignettes,  by  Baxter,  in  cloth,  7s,  6d. ;  and  also, 
handsomely  bound  in  Turkey  Morocco,  with  gilt  edges,  12s. 


^ 


PublUhed  b'j  Wkitlaker  and  Co. 


Part  I.,  containing;  an  Ihhuiby  into  the  Obiciu  of  Alphs- 

BEnc  Wruinc  i  vith  which  is  incorporated  sa  Easaj  on  llie 

Egyptian  Hieroglvphica. 

By  CnAHI.ES  WlLLlAB   WilL,  D.D. 

Senior  Fellow  of  Trinilj'  College,  nnd  Professor  of  Ilebreir 

in  the  LFoiversity  of  Dublin. 

In  super-roTBl   8to.    iUustrnted    bv    oluborale  plates,  price 

15!.  clolhlellared. 


A  DICTIONARY  OF  ENGLISH   QUOTATIONS 

From  the  BRITISH  POETS. 
Port  1.— Sliakspeare.— Purl  a.  Blnnk  Verae.— Part  3.  RJijmfl. 


3  Tola,  llmo,  tU.  cloth. 


By  HnoB  Moore,  Esq. 
1  Folume,  post  8to.  12s.  boards. 


MACDONNEL'S  DICTIONARY  OF  LATIN  AND 
FRENCH  QUOTATIONS. 

To  which  are   added  ninny    from  the  Greeh,  SpiNiaa,   sad 
'     iguages.     Translated  into  English, 
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The  STREAM  OF  HISTORY : 

Showing  the  Rise  and  Fall  of  Empires,  and  the  Progress  of 

tiie  Arts>  SoianceSy  and  Literature  of  every  Nation  in  the 

World,  from  the  earliest  ages  to  the  year  1825. 

Originally  inrented  by  Professor  Strass* 

Mounted  on  rollers,  price  ^1. 16«. 

*«*  This  elegant  and  useful  appendage  to  the  library  exhibits 
a  clear  and  comprehensiye  yiew  of  uie  principal  events  of 
General  History ;  and  to  those  who  have  not  opportunities  or 
time  for  research,  it  may  be  truly  said  to  be  invaluable* 


AN  EPITOME  OF  UNIVERSAL  CHRONOLOGY, 
HISTORY,  AND  BIOGRAPHY ; 

Forming  a  Companion  to  the  **  Stream  of  Histoxy." 

By  C.  Hamilton.. 
12mo.    Price  Si.  6<2. 


The  WRITER'S  AND  STUDENTS  ASSISTANT; 

OS,  A  COMPSHOIOCS 

DICTIONARY   OF  ENGLISH  SYNONYMES; 

rendering  the  more  common  Words  and  Phrases  in  the 
English  Language  into  the  more  elegant  and  scholastic,  and 
affordine  a  choice  of  the  most  appropriate,  from  a  varietur  of 
nearly  £e  same  Significations ;  with  concise  Notes,  pointing 
out,  m  a  familiar  way,  the  Distinction  between  such  words 
as  are  frequently  (in  error)  used  synonymously. 

The  Third  Edition,  very  considerably  improved  and  enlarged, 

ISmo.Sf.  in  cloth. 


LITALIE;  abregee  de  "CORINNE,  ou  L'lTALIE." 

Par  Madame  Db  Stael. 

In  1  vol.  13mo.  with  Frontispiece,  price  3f .  6d.  cloth. 

*«*  This  Boole  is  peculiarly  adapted  for  a  Fbench  Class  Book, 
as  it  comprises  an  example  of  the  most  elegant  style  of  the 
French  language,  gives  a  very  excellent  account  of  Italy, 
and  has  an  interesting  story,  which  abounds  with  the  purest 

sentiments  and  precepts. 


18  PHhlMfd  hff  Whitlalier  and  Co. 

WHITTAKER'S  MODERN  GENERAL  ATLAS; 

Comprahending  all  the  Empires,  Kingdoms,  Statei,  &c.  ii 
the  World,  cDDstmcted  from  Ihs  most  coirect  atitlioriljea,  sod 
BOnlainingsUtLereceDtdiBcoTeries.  To whichareaddod.tbtee 
MupB  of  Anrienl  Geogmphy,  tbe  whole  comprisii^  36  pUuti. 
Nmtly  tisir-bonad, 
la  8ro.,  coloured  outline,  l!s. ;  full  coloored,  ISi. ; 

The  MORAL  AND  POETICAL  MISCELLANY: 

Containing  choice  SbIbcHoiis  from  our  most  npprOTBd  Fo«t>, 

BTTan^d  under  diBtinct  Hesdi. 

la  ISmo.  pries  3s, 


<ria$0ical  ana  ^fjtUiiagical  tmo' 


ARTSTOPHANIS  COMCEDLS, 

WiUi  a  new  Teit  und  Scholia,  rerised  by  Professor  BeEESB, 

of  Berlin. 

The  Frngmenta,  Indiceg,  Latin  Versioa,  sad  the  Annolaliuni 
of  Beet,  Bentley,  Bargler,  Brunct,  Buniey,   Cam    "  ' 
'  Elmsley,  Kuster,  Poraon,  Heisie,  Schuli,  and  o 
added. 

5  toIb,  royal  Sto.  61.  6j.— Tho  aame,  5  vaU.  demy  8to.  3L  15». 

Thf  fnllotpi^  PIb^i  are  sold  teparattly  : 

AVES,  9i.  I         PLUTUS,  I5i. 

NUBES,  ISi         I  RANjE,  9i. 


NOT^  PHILOLOGIC^   ET  GRAMMATICS  IN 
EURIPIDIS  TRAG(EDIAS; 

_  .    rariig   Viroram    Doctomm   Comroenlariis    Maxim*   ( 

Parte  selects^,  et  Teitni  Matthin^Hno  accommodntK.   IdUsDid 

Pra;leclioauni  Academicaruin  et  Scholonun. 

3  roll.  8to.,  price  11.  4(. 
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-SISCHYLI  PROMETHEUS  VINCTUS. 

With  English  NotM. 

By  John  Gbitfiths,  MiA.,  Fellow  asd  Tutor  of  Wadham 

College,  Oxford. 

In  1  Yol.  8yo.|  price  5s. 

Also,  by  the  same  Editor, 

iESCHYLI  SEPTEM  CONTRA  THEBAS. 

The  Text  of  Dindokf.    With  English  Notes. 

1  vol.  8ro«  55. 


The  GREEK  TESTAMENT,  mih  English  Notes. 

By  the  Rer.  Edwabd  Burton,  D.D.,  late  Canon  of  Chrift- 
church,  and  Regius  Professor  of  Biyiidty. 

2  Tols.y  priee  34i, 


HERODOTI  HALICARNASSEI  HISTORIARUM 

LIBRI  IX. 

Codicem  Sancrofti  Manuscriptum  denao  contolit  necnon  re- 
liqnam  Leetionis  yarietatem  commodius  digessit  ThokjUS 

Gaisfo&d,  a  JVf . 

3  Yols.  870.,  price  lU  4$, 


THE  ILIAD  OF  HOMER, 

Translated  into  English  Prose,  as  literally  as  the  different 
Idioms  of  the  Greek  and  English  Languages  wiU  allow :  with 

Explanatory  Notes. 

By  a  Graduate  of  the  University  of  Oxford. 

The  third  edition,  thoroughly  revised  and  corrected;  with 

additional  Notes. 

8vo.,  price  165. 


THE  ODYSSEY  OF  HOMER, 

Translated  in  the  same  manner  as  the  foregoing. 

8vo.,  price  168. 


PublUhed  by  Wkittaker  and  Ca. 


HOMERI  lUADIS 

liber  Primm,  Studio  GeoeuiX  8vi.viHi,  acted uol  qumiiin 


P.  VIRGILII  MARONIS  OPERA, 

In  Tironum  graliuD  perpelua  nnnotatioDB  illustiatB  u  Chs. 
GoTih.  Hevns,  edidit  et  suas  nnimadvetsiones  adjebit  post 
cunu  EroeBti  Cur.  Wuadcrlichii,Fridericus  Ernestua  RuLkopT. 


MARTVN'S  GEORGICS  OF  VIRGIL, 

Wilb  hd  EngUsh  Transliitioa  and  NoUB. 

Zio.  boards,  new  editiau,  16<. ;  with  coloured  pktea, 

Alflo,  by  the  Biime, 

THE  BUCOUCS  OF  VIRGIL, 

Witb  an  Engliah  TruDslstion,  Sic. 

Bio.,  16i.;  irith  coloured  plates,  Ij.  li. 

HORATII  FLACCI  OPERA, 

HeEeuBuit  et  illustiarit  F.  G.  Doeriho,  Bccedaot  iadi< 

loeupletiBsimi.     Ediiio  nova,  auctior  et  emendatior. 

aTD.,  18..;  anpBr.roTal,  \l.  lis.  6d. 


HORATII  FLACCI  OPERA, 

Cum  selectis  scboliis  et  obeorirBtiDuibiiB  Ba.stebi,  GBgXBat, 
et  Zeckii.     Editio  Dova,  cum  indie e  Terbonim  et  aomii 
copiosiaaimo :  io  usum  Sciaotai  CABTHUaiiS.ffl. 
a  TO.,  10s.  6d. 

HORATII  FLACCI  OPERA,  id  Usum  Delpliin, 


HORATII  FLACCI  OPERA, 

With  Aonotatione  In  English,  from  the  Uelpbia  Coi 
and  others. 
By  the  Rev.  H.  Pemble. 


I 
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JUVENALIS  et  PERSII^SATIR^  EXPURGAT-E, 

With  Explanatoiy  Notes,  &c.,  bj  £.  OWEK,  M JL. 
12mo.,  6t,  6d.  bd. 


THE  SATIRES  OF  JUVENAL  AND  PERSIUS, 

From  the  Tcrxts  of  Rufbrti  and  Orelliub;  with  Engliih 
Notes,  partly  compiled  from  various  editions  and  translations, 

and  partly  original. 

Bj  Charlbs  William  Stocker»  D.D.,  Vice-Principal  of 

St.  Alban's  Hall;  late  Fellow  of  St.  John's  College,  Oxford; 

and  Principal  of  Elizabeth  College,  Guernsey, 

In  1  vol.  8yo.,  price  14f.  cloth* 

The  SATIRES  of  JUVENAL  and  of  PERSIUS, 

Translated  into  English  Verse,  by  William  Gifforo,  Esq. ; 

with  Notes  and  Illustrations. 

In  2  Yols.  8yo.,  1/.  Is. 


TACITI  (CORNELII)  OPERA, 

Recogno7it,  Emendavit,  Supplementis  Explevit,  Notis,  Bis- 
sertationibus  illustrarit,  G.  Brotibr. 

4  torn.  Svo.,  22. 16s. 


The  HISTORY  of  the  PELOPONNESIiN  WAR, 

By  Thucydides. 

The  Text  according  to  Beeker's  edition,  with  some  altera- 
tions. Illustrated  by  Maps,  taken  entirely  from  actual 
Suryeys.  With  Notes,  chiefly  Historical  and  Geographical. 
By  Thomas  Arnold,  D.D.,  Head  Master  of  Rugby  School. 

3  vols.  8vo.,  2/.  8s. 

Vol.  II.  14s. :  Vol.  III.  16s.    May  be  had  separately. 

XENOPHONTIS  MEMORABILIA  SOCRATIS ; 

Cum  Apologia  Socratis  eidem  Auctori  Vulgo  Adscripts ;  cum 
Teztu  et  Notis  Plurimis  J.  G.  Schneideri,  auxit  Notis  et 
Variis  Lectionibus  ex  Simpsonio  et  BenweUio  excezptis 
J.  Greenwood,  M.A.,  accesserunt  ValclcenaeriietRuhnkenii 

Annotationes  integrs. 

Svo.  9s.  \  idem  Latine,  870. 10s.  6<2/ 


3  Publuhcd  by  'iVhiUahcr  and  Co. 

XENOPHOSTIS   Cym  EXPEDITIO, 

£z  R«eeii«uiDe  et  cuia  Nofu  T.  UuTcojifSOH,  XM. 

Svo.,  9t.i  nitb  Latin.  lOs. 


LEXICON  HEBRAICUM  ET  CHALDAICUM; 

CompleatenB  Ttxes  omnimndua  quiG  in  Sacria  Bibliis  exalSDt: 

Bieroplonun  Blblicormn  copia  et  locorum  diffioiliuni  ex  H«- 

um  CanuDentartis  expUcatione,  ouotum  et  illustrstmii. 

aeniat   Lexicon    breie    Rsbbiaico-Fhiloaophicuni,    et 

lades    Latinua.     Studio   Johasnis    BcsroBPii.     Editiu 

noTB,  sedulo  recenaita. 

Bto.,  16t. 

A  GRAMMAR  op  the  HEBREW  LANGUAGE, 

WLtb  an  Appendii  on  the  Anonialica  of  Verba. 

By  H.  D.   OpPENUEiit,  Teacher  of  Langnages, 

8ro.,  prioe  9i. 

CORNELir  SCHREVELII   LEXICON' 
MANUALE, 

Grxco- Latin um  et  Latino -Gnccam;  studio  atqae  open 
JosBi-ai  Uiu.,  JoHAKSis  Entick,  GtnJBtm  Bovru, 
a  HoBE*Ti  Watts,  et  Cajioli  Taylbb,  yocsbolonmi 
duodecim  Qua«i  milUbufi  auctuni.  Ad  calcem  adjeclm  nul 
iQientia?  Grsco-Lafinjc,  quibus  omnia  Gr.  linguie  primilin 
imprebenduntur -.  item  Tructatus  daoj  alter  de  reaolutiani 
tiboruin,  de  artiaulis  alter;  nterqus  perutilia,  et  suue  de 
Hideratua.  Sditio  XXII.,  pnorjbna  auctior  et  emenoaCior- 
8to.,  1!i.  bound. 

GRj;CiE  SENTENTI^: 

A  Deleolus  of  Maxims,  Sentimeota,  and  Preeepta.  selactM 
a  tbe  Greek  Profuoe  Writera  and  the  New  TeatuteBt. 
Jew  edition,  with  additions  by  the  Rev.  W.  Thollopk. 
ISma.,  St.  6d. 
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.  THE  ART  OF  LATIN  POETRY; 
Fovaded  on  the  work  of  M.  C.  D.  Jani.    Bj  a  Master  of  Arts. 

Bro.f  8s. 


CLAVIS  HOMERICA; 

Or  a  Lexicon  of  all  the  Words  which  occur  in  the  Iliad. 

Translated  from  the  original,  with  corrections  and  additions. 

By  JoHV  Walker,  A.B. 
Fourth  edition.    12mo.  9«.  hound. 


CLAVIS  HOMERICA,  k  S.  Patbick. 

8ro.,  10s. 


THE  ELEMENTS  OF  GREEK  PROSODY. 

Translated  from  the  German  of  Dr.  F&anz  Spitznek,  hj  a 
Member  of  the  University  of  Oxford. 

Price  6s,  sewed. 


The  ELEMENTS  of  GREEK  ACCENTUATION. 

Translated  from  the  German  of  Dr.  Karl  Goettlino^  by  a 
Member  of  the  University  of  Oxford. 

Price  5s.  sewed. 


EXERCISES  FOR  GREEK  VERSE. 

By  the  Rer.  EDiniif  D  Squire,  M.A.    Second  edition. 

Itmo.,  price  5s.  6d.  cloth. 

KEY  TO  DITTO. 
12mo.,  4s.  6d,  cloth. 


A  GREEK-ENGLISH  SCHOOL  LEXICON, 

Containing  all  the  words  that  occur  in  the  books  used  at 
school,    and  in  the  under-graduate   course  of  a  collegiate 

education. 

To  whieh  is  added,  a  Dictiunary  of  Proper  Names. 

By  the  Re7<  Thomas  Dix  Hincks,  M.R.  lost.,  Professor  of 
Hebrew  in  the  Belfiist  Institution. 


PuUUhed  hj  Whittaier  and  Co. 

CONSTABLE'S  MISCELLANY, 


firJiatn.  STlt.TbohpHiij  ^^  ivoK 
lA  nT  Hui  Qiuni  o(  BmU.    DrH. 

luil.  S]  ft.  C.  Tl)Llir,  LL.D.  «[. 
HIMHT  oftkc  FrUii;lMl  iiimlHiiini 
Elf.   I'Kjfc"  °"°*°'     '    ■    °"' 

llIcRlv.G.WhllF.MJt.] 


il   K^bur    of  FslUll, 


it"""""""  I  i^af^V-'Si^B^^a^lSi^^ 


Fine  Arta. 

HlKotT  of  atnlplurc    PilnUnt,  and    I       Tht 
AIcDLlccWE.    Uji.S.Krmt.lA.\l.       \   suRur 

RellStan- 


mill.    Br    I       FcrihrnndC^iUtllj.    3  wli. 
aiitpi«wi.«dDfMiin»iU»e 

U  To,  COTHMI. 


